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(54) Paper-punching device for use In an Image-forming apparatus 



(57) A paper-punching device for use m an image- 
forming apparatus comprises guiding means (167) tor 
guiding a sheet of paper (P) in a predetermined drec- 
tion, transporting means (168, 169) for transporting the 
sheet of paper (P) along the guiding means (167). 
punching means (162) having a punching blade (38a) 
for forming a punch hole in the sheet of paper (P) that is 

FIG . 26 



being transported by the transporting means(168, 169), 
the punching means (162) being installed in the guiding 
means (167), and shifting means (163) for shitting the 
punching means (162) in the transverse direction with 
respect to the guiding means (167). 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a paper-punching device for use in an image-forming apparatus, which forms 
holes through sheets of paper that have been subjected to image-forming operations in an apparatus such as a copying 
machine. 

BACKGROUND OF THE INVENTION 

[0002] Some of conventional image-forming apparatuses are provided with a paper-punching device for forming holes 
through sheets of paper in order to improve the efficiency of jobs for sorting the sheets of paper that have been sub- 
jected to the image-forming operations Into a set of documents. Moreover, in recent years, with the wide spread of office 
automation apparatuses for handling sheets of paper, such as used in copying machines for ordinary paper (PPC) and 
automatic paper feeders (APF), and with the trend to high-speed, highly-effective operations in those apparatuses, 
there have been also strong demands toward a fast, highly-efficient punching operation, which is required before filing 
sheets of paper that have been subjected to the copying operation. 

[0003] As one example for such an paper-punching device, Japanese Laid-Out Patent Publication No. 140755/1983 
(Tokukaishou 58-140755) has disclosed a paper-punching device. The following description will discuss this paper- 
punching device. Here, for convenience of explanation, the following example has an arrangement that is slightly differ- 
ent from that of the above-mentioned patent publication. 

[0004] As illustrated in Fig. 58, in the above-mentioned paper-punching device, a sheet of paper P is transported by 
transport rollers 303 and 304 from the upstream side on a base 301 while it is restricted in its upward dislocation by a 
transport guide 302. When the leading edge of the sheet of paper P passes through a light path of a photosensor 305 
of the reflection type, the leading edge of the sheet of paper P is detected by the photosensor 305. Then, a stopper 306, 
located on the downstream side of the photosensor 305. moves upward from its stand-by station, and presses the lead- 
ing edge of the sheet of paper p, thereby stopping the transportation of the sheet of paper P. 
[0005] Immediately after the stoppage of rotation of the transport roller 304. a punching blade 307 is shifted down 
toward a punching die 308 that is provided in the base 301 . and the sheet of paper P is thus punched by the punching 
blade 307. At this time, the transport roller 304, located on the downstream side, is stopped in its rotation, while the 
transport roller 303, located on the upstream side, is being rotated. 

[0006] Therefore, the sheet of paper P is transported by the transport roller 303 from the rear-edge side, and is 
warped inside a warp-space 302a that is provided in an upward-raised form between the transport roller 303 and the 
transport roller 304 in the transport guide 302. With this arrangement, the transportation of the sheet of paper P is not 
stopped completely. Further, since the pressing force of the stopper 306 exerted onto the sheet of paper P is increased, 
the sheet of paper P does not retreat even upon the punching operation. 

[0007] However, in the paper-punching device as described in the above-mentioned patent publication, the leading 
edge of the sheet of paper P is temporarily stopped even it is a short period of time. Therefore, when the operation 
speeds of the image-forming process and other related processes are increased beyond a certain limit, the next paper 
is transported although the proceeding paper has not been subjected to the punching operation; this causes troubles 
such as paper jams. Moreover, the sheet of paper P might be damaged when it is warped. Furthermore, if the sheet of 
paper P is thick paper weighing not less than 228 g/m 2 , it is not allowed to warp, thereby making it difficult to keep trans- 
porting sheets of paper P by the use of the transport roller 303 during the punching operation. Another problem is that 
it is not possible to form punch holes on the rear side of the sheet of paper P due to the structure of the paper punching 
device. 

[0008] Moreover, although not described in detail here, another paper-punching device for use in an electrophoto- 
graphic apparatus has been known to the art, wherein a punching operation is carried out with a sheet of paper P com- 
pletely stopped, and after the punching operation the transportation is resumed. In this type of paper-punching device, 
it is possible to install the punching mechanism either on the leading side or on the rear side of the sheet of paper R 
However, since the punching operation is carried out after stopping the sheet of paper completely, it is impossible to 
increase the speed of the operation. 

[0009] Another example is Japanese Laid-Out Patent Publication No. 190696/1991 (Tokukaihei 3-190696). which dis- 
closes an arrangement wherein a paper-punching device, which has two punching claws that are disposed in the direc- 
tion orthogonal to the transporting direction of a sheet of paper at positions corresponding to an interval between punch 
holes, is installed on the paper-discharging side of a copying machine; and sheets of copy paper, which are discharged 
successively by discharge rollers after having been subjected to the copying operation, are subjected to punching oper- 
ations that are carried by activating both of the punching claws at the same time by using a cam that operates in syn- 
chronism with the discharge rollers that are discharging the sheets of paper. 
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[001 0] However, in this arrangement the two punching daws for forming punch holes are disposed at predetermined 
positions that correspond to the punching positions that are located in the direction orthogonal to the transporting direc- 
tion of a sheet of paper; this fails to deal with differences in the punch-hole intervals and the number of punch holes. 
Therefore, the problem of this arrangement is that it is necessary to provide as many punching claws as the number of 
5 punch holes and allow these punching claws to have the corresponding punch-hole intervals, thereby making the con- 
struction more complicated and expensive. Further, the sheet of paper P has to be temporarily stopped upon forming 
punch holes; therefore, in the case when the operation speeds of the image-forming process and other related proc- 
esses are increased, problems such as planar jams might be caused in the same manner as in the paper-punching 
device disclosed in Japanese Laid-Out Patent Publication No. 140755/1983 (Tokukaishou 58-140755). This makes it 
70 difficult to achieve a high-speed operation. 

[001 1 ] In contrast, for example, Japanese Laid-Out Patent Publication No. 1 05895/1 992 (Tokukaihei 4-1 05895) dis- 
closes another paper-punching device wherein a piezo-electric element that enables an extremely high-speed opera- 
tion is used as the source of driving force of the punching claw; a sheet edge sensor, which detects the position of the 
leading edge of a sheet of paper in the transporting direction, is disposed at a position a predetermined distance apart 
15 from the punching claw, the distance being equal to a distance from the detected paper edge to the first punch hole in 
the transporting direction; and a punch-hole sensor is disposed at a position a predetermined distance apart from the 
punching claw, the distance being equal to an interval between the punch holes. In this paper-punching device, the first 
punch hole is formed in the sheet of paper by the punching claw in response to the detection of the position of the lead- 
ing edge of paper made by the sheet-edge sensor; and the second punch hole is formed in the sheet of paper by acti- 
ve vating the punching claw in response to the detection of the first punch hole made by the punch-hole sensor, with a 
predetermined punch-hole interval from the first punch hole. 

[001 2] With this arrangement, for example, in the case of forming two punch holes in a sheet of paper, the leading 
edge of the transported paper is first detected by the sheet-edge sensor, and in response to the detection, the punching 
claw is activated once, thereby forming the first punch hole. Thereafter, when the sheet of paper is further transported. 

25 the first punch hole is detected by the punch-hole sensor, and in response to the detection, the punching claw is further 
activated one more time, thereby forming the second punch hole. This arrangement eliminates the necessity of having 
to install as many punching claws as the number of punch holes and having to align these punching claws with the cor- 
responding punch-hole intervals; thus, one punching claw is allowed to deal with differences in punch-hole intervals and 
in the number of punch holes, thereby making the device simpler and less expensive; and it becomes possible to form 

30 punch holes without the necessity of stopping the transportation of a sheet of paper. 

[0013] In the arrangement disclosed in Japanese Laid-Out Patent Publication No. 105895/1992 (Tokukaihei 4- 
1 05895), the punching claw is fixed to a predetermined position corresponding to the punching position in parallel with 
the transporting direction of paper. Therefore, as to punching positions along the transporting direction, various 
changes may be provided by changing the driving timing of the punching device. However, as to punching positions in 

35 the direction orthogonal to the transporting direction, setting in desired positions is not allowed because of their fixed 
state. 

[001 4] For this reason, this paper-punching device is applicable to copying machines and other apparatuses wherein 
sheets of paper are aligned along one side of the transport path and transported; however, it is not applicable to copying 
machines and other apparatuses of the so-called center-oriented type, wherein sheets of paper are positioned based 

ao on the center of the transport path and transported. 

[001 5] In order to solve this problem, there has been proposed another arrangement which has a plurality of punching 
: claws that are aligned in the direction orthogonal to the transporting direction of paper, for example, at punching posi- 
tions corresponding to the respective sizes of sheets of paper that are transported on the center basis. However, this 
arrangement requires individual driving sections for driving the respective punching claws, thereby making the con- 

45 struction more complicated as well as causing high costs because a lot of expensive piezoelectric elements are 
needed. 

SUMMARY OF THE INVENTION 

so [001 6] It is an objective of the present invention to provide a paper-punching device for use in an image-forming appa- 
ratus which enables a high-speed punching operation without the necessity of reducing the transporting speed of paper 
or stopping sheets of paper. It is another objective of the present invention to provide a paper-punching device which is 
applicable to copying machines and other apparatus that are oriented based on their center line without causing high 
costs and complicated structures in the apparatus, even when it forms punch holes in the transporting direction paper 

£5 by using only one punching blade, and which is capable of forming punch holes in the direction orthogonal to the trans- 
porting direction of paper at desired positions by desired number by using one punching blade, without the necessity of 
stopping the sheets of paper. Further, it is the other objective of the present invention to provide a paper-punching 
device which is capable of eliminating defective sheets of paper that might be caused due to erroneous punching proc- 
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esses, by the use of decision-making process as to whether or not the punching operation is operative depending on 
the size of sheets of paper prior to forming punch holes. 

[0017] In order to achieve the above-mentioned objectives, the present invention provides a paper-punching device 
as specified in claim 1 . Preferred embodiments of the invention are descrfoed in the subclaims. 

5 [001 8] A first paper-punching device for use in an image-forming apparatus is provided with: a guiding means for guid- 
ing a sheet of paper in a predetermined direction; a punching blade for forming a punch hole in the sheet of paper, the 
punching blade being installed in the guiding means; a driving means for driving the punching blade, and transport roll- 
ers for constantly carrying the sheet of paper, the transport rollers being installed on the downstream side from the 
punching blade in the guiding means, the transport rollers being allowed to make a slip at a predetermined amount with 

io respect to the sheet of paper when the sheet of paper is caught by the punching blade, and is characterized in that the 
product of the time during which the sheet of paper is caught by the punching blade and the transporting speed exerted 
by the transport rollers is set to a predetermined value. 

[001 9] In the first paper-punching device, when a sheet of paper is transported by the transport rollers along the guid- 
ing means and the rear edge of the sheet of paper reaches a predetermined position, the driving means is activated. 
is Therefore, punching holes are formed in the sheet of paper at positions a predetermined distance apart from the rear 
edge. 

[0020] Here, since the transport rollers rotate all the time, the transportation of the sheet of paper is continued even 
when it is punched by the punching Wade. For this reason, if the punching operation takes long time even slightly the 
sheet of paper is pulled by the transport rollers because it is caught by the punching blade> However, when the sheet of 
20 paper is caught by the punching blade, the transport rollers are allowed to make a slip at a predetermined amount with 
respect to the sheet of paper; this slip absorbs the pulling force that is exerted on the sheet of paper by the transport 
rollers. In particular, when one of the transport roller is made of rubber and the other transport roller is made of a 
foamed material, it is possible to provide a preferable slipping property 

[0021] Moreover, in the case when the time during which the paper is caught by the punching blade is long, such as 
25 in the case of using thick paper, the damage to the sheet of paper caused by the punching blade is reduced by decreas- 
ing the transporting speed. In contrast in the case when the time during which the paper is caught by the punching 
blade is short, such as in the case of using normal paper the damage to the sheet of paper caused by the punching 
blade is not increased even if the transporting speed is increased. In other words, under the condition where the trans- 
port rollers are allowed to make a slip with respect to paper, the arrangement, wherein the product of the time during 
30 which the sheet of paper is caught by the punching blade and the transporting speed exerted by the transport rollers is 
set to a predetermined value, makes it possible to reduce the damage to the sheet of paper caused by the punching 
blade. The above-mentioned setting will be clarified by expenmerrts shown in the embodiments that will be described 
later. 

[0022] In accordance with the first paper punching device, the sheet of paper is transported on the downstream side 
35 from the punching blade; therefore, it is possible to eliminate warping in the sheet of paper and to eliminate damage to 
the sheet of paper caused by warping Further, rt is possible to form punch holes even in thick paper that is hardly 
warped. Moreover, since the punching Wade is disposed on the upstream side from the transport rollers, the punching 
operation is carried cut on the rear-edge side of tne sheet of paper. When a stapling operation is carried out simultane- 
ously with the punching operation, this arrangement allows both of the operations to be carried out on the rear-edge 
40 side of the sheets of paper, thereby improving the efficiency of the operations. 

[0023] A second paper-punching device tor use in an image-tormmg apparatus is provided with: 

a guiding means for guiding a sheet of paper in a predetermined direction; a plurality of punching blades for forming 
punch holes in the sheet of paper, the punching Wades being installed in the guiding means with predetermined 
45 intervals along a straight line that tilts at a predetermined angle with respect to the direction orthogonal to the trans- 
porting direction; transport rollers for constantly carrying the sheet of paper, the transport rollers being installed on 
the downstream side from the punching blade in the guiding means; a plurality of driving means for driving the 
punching blades individually; and a driving circuit for activating the driving means successively, starting with the 
one closest to the rear edge of the sheet of paper, with predetermined time-intervals. 

50 

[0024] In the second paper-punching device for used in an image-forming apparatus, the respective punching blades 
are driven by the individual driving means, but these driving means are controlled by a driving circuit as a whole. There- 
fore, this arrangement eliminates the necessity of installing driving circuits to the respective driving means individually 
thereby making it possiWe to reduce the number of parts. In this case, the driving circuit, which is not allowed to activate 
55 the respective driving means at the same time, activates each driving means in succession with predetermined time- 
intervals. 

[0025] Here, the sheet of paper is being transported even during the punching operation; therefore, it is necessary to 
adjust the punching positions in the transporting direction in the case when the driving means are individually activated 
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and the respective punching blades form punch holes at different times. For this reason, the punching blades are 
installed along a straight line that tilts at a predetermined angle with respect to the direction orthogonal to the transport- 
ing direction, and the driving means are activated in succession, starting with the punching blade closest to the rear 
edge of the sheet of paper. This arrangement makes it possible to eliminate misalignment of the punching positions in 
5 the transporting direction. Thus, the punch holes formed by the punching blades are aligned virtually in parallel with the 
rear edge of the sheet of paper. 

[0026] More preferably, the following arrangement may be adopted: In the case when the driving circuit activates the 
respective driving means successively, supposing that a time-interval T after activation of a certain driving means, the 
next driving means is activated, the punching position has an offset of VT with respect to the transporting direction 

70 within the time-interval T when the sheet of paper is being transported at the transporting speed V. Therefore, in order 
to align the respective punch holes along one straight line, each having a constant distance from the rear edge of the 
sheet of paper, the value obtained by dividing VT by the distance x between the punching blades in the direction orthog- 
onal to the transporting direction, that is. the interval between the punch holes, should be equal to the tangent to the 
predetermined angle (e). In other words, the relationship indicated by tane = V • T/x should be satisfied. Therefore, if 

is the driving circuit activates the respective driving means in succession with the time-intervals T while satisfying 
T = x • tane/V , it becomes possible to form punch holes at the proper positions as described above. 
[0027] A third paper-punching device for use in an image-forming apparatus is provided with: a guiding means for 
guiding a sheet of paper in a predetermined direction; a punching blade for forming a punch hole in the sheet of paper, 
the punching blade being installed in the guiding means; transport rollers for constantly carrying the sheet of paper, the 

20 transport rollers being installed on the downstream side from the punching blade in the guiding means; discrimination 
means for discriminating whether the sheet of paper is normal paper having a thickness not more than a predetermined 
thickness, or thick paper having a thickness exceeding the predetermined thickness; a driving means having a first driv- 
ing source for driving the punching blade with a driving force that is suitable for normal paper and a second driving 
source for driving the punching blade with a driving force that is suitable for thick paper; a selective control means for 

25 activating the first driving source when the discrimination means shows that the sheet of paper is normal paper, while 
activating the second driving source when the discrimination means shows that the sheet of paper is thick paper; and 
a transport control means for activating the transport rollers during the activation of the first driving source, while stop- 
ping the transport rollers during the activation of the second driving source. 

[0028] In the third paper-punching device, when a judgement is made by the discrimination means as to whether the 

30 sheet of paper is normal paper, or thick paper, the first or second driving source is selected and driven by the selective 
control means in accordance with the result of the judgement. Thus, punch holes are formed by using the driving force 
that is suitable for the sheet of paper. Further, the transport control means activates the transport rollers during the acti- 
vation of the first driving source, and stops the transport rollers during the activation of the second driving source; this 
makes it possible to provide a high-speed operation during the punching operation for normal paper. 

35 [0029] A fourth paper-punching device for use in an image-forming apparatus is provided with: a guiding means for 
guiding a sheet of paper in a predetermined direction; a punching blade for forming a punch hole in the sheet of paper, 
the punching blade being installed in the guiding means; transport rollers for constantly carrying the sheet of paper, the 
transport rollers being installed on the downstream side from the punching blade in the guiding means; a driving means 
for driving the punching blade; and an idle-driving control means for activating the driving means so that the punching 

40 blade is driven in a specific period of time when there is no paper at the punching position in the guiding means. 

[0030] In the fourth paper-punching device, the idle-driving control means activates the driving means so that the 
punching blade is driven in a specific period of time when there is no paper at the punching position in the guiding 
means. This arrangement makes it possible to prevent the punching blade from being held at the punching position in 
the guiding means due to an insufficient driving operation, as well as preventing paper jams that occur when the sheet 

45 of paper is improperly caught by the punching blade. 

[0031] In a preferable application of the fourth paper-punching device, a paper-detection means, such as an optical 
sensor, is provided to detect the presence or absence of paper at the punching position, and according to this detection, 
it is possible to recognize the specific period of time when there is no paper at the punching position. Further, in a more 
preferable application, the idle-driving control means is arranged to inform the fact that there is paper at the punching 

so position; this makes it possible for the user to take necessary steps to correct a paper jam. 

[0032] A fifth paper-punching device for use in an image-forming apparatus is provided with : a guiding means for guid- 
ing a sheet of paper in a predetermined direction; a transporting means for transporting the sheet of paper along the 
* guiding means; a punching means having a punching blade for forming a punch hole in the sheet of paper that is being 
transported by the transporting means, the punching means being installed in the guiding means; and a shifting means 

55 for shifting the punching means in the transverse direction with respect to the guiding means. 

[0033] In the fifth paper-punching device, the shifting means shifts the punching means in the transverse direction 
with respect to the guiding means, thereby allowing the punching means to move with respect to the sheet of paper. 
Thus, it becomes possible to form punch holes at desired positions in the direction orthogonal to the transporting direc- 
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tion of the sheet of paper. Therefore, this paper-punching device is applicable to copyingonachines and other appara- 
tuses of the center-oriented type wherein sheets of paper are positioned based on the center of the transport path and 
transported, without the necessity of a complicated structure and without causing high costs. Further, since the punch- 
ing means is movable with respect to the sheet of paper, one of the resulting advantages is that even if the sheet of 

5 paper is dislocated inside the transport path in the width-wise direction, the position of the punching means is corrected 
by calculating the amount of compensation for the dislocation and punch holes are formed at accurate positions. 
[0034] In a preferable application of the fifth paper-punching device, the shitting means is arranged to shift the punch- 
ing means from the predetermined position in the guiding means toward the downstream side, along a straight line that 
tilts at a predetermined angle with respect to the direction orthogonal to the transporting direction, at a speed whose 

10 component in the transporting direction is not less than the transporting speed of paper. Further, in this application, a 
rear-edge detection means is provided on the upstream side from the punching blade/and when the rear edge of a 
sheet of paper is detected by the rear-edge detection means, the punching means is shifted to a predetermined punch- 
ing position so as to form a punch hole. In addition, during the punching operation, the punching means and the shifting 
means are controlled so that the distance between each punch hole and the rear edge is kept at the same value. There- 

15 fore, it is possible to form punch holes at a plurality of desired positions in the direction orthogonal to the transporting 
direction by using only one punching means. 

[0035] For a fuller understanding of the nature and advantages of the invention, reference should be made to the 
ensuing detailed description taken in conjunction with the accompanying drawings. 

20 DESCRIPTION OF THE EMBODIMENTS 

[0036] 

Fig. 1 is an explanatory drawing that shows the internal structure of a copying machine that is commonly used in 
25 the respective embodiments of the present invention. 

Fig. 2 is an explanatory drawing that shows an operation section installed on the top of the copying machine of Fig 

1. 

Fig. 3(a) is a vertical cross-sectional view of a punching unit in the copying machine in accordance with a first 
embodiment useful for the understanding of the present invention. 
30 Fig. 3(b) is a vertical cross-sectional view showing an operational state during a punching operation of the punching 
unit in the copying machine in accordance with the first embodiment. 

Fig. 4 is a vertical cross-sectional view of the punching unit when seen from the downstream side of a transport 
guide. 

Fig. 5 is a front view showing arrangements of a piezoelectric element and a distortion-enlarging mechanism that 
35 are installed in a driving device in the punching unit. 

Fig. 6(a) is a plan view illustrating the shape of a punching blade that is not suitable for the punching unit. 

Fig. 6(b) is a front view illustrating the shape of the punching blade that is not suitable for the punching unit. 

Fig. 6(c) is a side view illustrating the shape of the punching blade that is not suitable for the punching unit. 

Fig. 7(a) is a plan view illustrating the shape of another punching blade that is not suitable tor the punching unit. 
40 Fig. 7(b) is a cross-sectional view taken along the line A-A of Fig. 7(a) illustrating the shape of another punching 

blade that is not suitable for the punching unit. 

Fig. 8(a) is a plan view illustrating the shape of a punching blade that is suitable for the punching unit. 
Fig. 8(b) is a front view illustrating the shape of the punching blade that is suitable for the punching unit 
Fig. 8(c) is a side view illustrating the shape of the punching blade that is suitable for the punching unit. 
45 Fig. 8(d) is a view when seen from a position making an angle of 45 degrees from the backward direction, illustrat- 
ing the shape of the punching blade that is suitable for the punching unit. 

Fig. 9 is a block diagram showing a control system for controlling the operation of a punching device in the punching 
unit. 

Fig. 1 0 is a flow chart showing a sequence of punching processes that are carried out by the punching unit. 
so Fig. 1 1 (a) is a histogram indicating the frequency of occurrence of troubles when punching operations were carried 

out by the punching unit at a transporting speed of 100 mm/sec, wherein rubber transport rollers were used. 

Fig. 1 1 (b) is a histogram indicating the frequency of occurrence of troubles when punching operations were carried 

out by the punching unit at a transporting speed of 200 mm/sec, wherein rubber transport rollers were used. 

Fig. 1 1 (c) is a histogram indicating the frequency of occurrence of troubles when punching operations were carried 
55 out by the punching unit at a transporting speed of 400 mm/sec. wherein rubber transport rollers were used. 

Fig. 12(a) is a histogram indicating the frequency of occurrence of troubles when punching operations were carried 

out by the punching unit at a transporting speed of 100 mm/sec, wherein polyurethane-foam transport rollers were 

used. 
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Fig. 1 2(b) is a histogram indicating the frequency of occurrence of troubles when punching operations were carried 
out by the punching unit at a transporting speed of 200 mm/sec, wherein polyurethane-foam transport rollers were 
used. 

Fig. 1 2(c) is a histogram indicating the frequency of occurrence of troubles when punching operations were carried 
out by the punching unit at a transporting speed of 400 mm/sec. wherein polyurethane-foam transport rollers were 
used. 

Fig. 1 3(a) is an explanatory drawing that shows tears caused in a sheet of paper in experiments that were earned 
out in order to obtain the histograms of Figs. 1 1 (a) through 1 1 (c) as well as Figs. 12(a) through 12(c). 
Fig. 13(b) is an explanatory drawing that shows defective punch holes caused in a sheet of paper in the experi- 
ments. 

Fig. 13(c) is an explanatory drawing that shows scratches caused on a sheet of paper by the rollers in the experi- 
ments. 

Fig. 1 4 is a vertical cross-sectional view showing an arrangement of a punching unit thjat is used in the first modified 
example of the first embodiment. 

Fig. 15 is a plan view showing an arrangement of a punching unit that is used in the second modified example of 
the first embodiment. 

Fig. 16 is a plan view showing a sheet of paper that has been subjected to the punching operation by the Punching 
unit of Fig. 15. 

Fig. 17 is a vertical cross-sectional view of a punching unit in the copying machine in accordance with a second 

embodiment useful for the understanding of the present invention. 

Fig. 18 is a block diagram showing a control system for driving the punching unit of Fig. 17. 

Fig. 19 is a flow chart showing a sequence of selections for punching operations corresponding to respective 

modes that are carried out in the punching unit of Fig. 1 7. 

Fig. 20 is a front view showing the arrangement of essential parts in a copying machine in accordance with a mod- 
Hied example of the second embodiment. 

Fig. 21 is a vertical cross-sectional view of a punching unit in the copying machine in accordance with a third 
embodiment useful for the understanding of the present invention. 

Fig. 22 is a block diagram showing a control system for controlling the operation in the event of a paper jam in the 
punching device in the punching unit of Fig. 21 . 

Fig. 23 is a flow chart showing a sequence of processes that are carried out during the warm-up of the copying 
machine having the punching unit of Fig. 21. 

Fig. 24 is a flow chart showing a sequence of processes that are carried out in order to monitor the completion of 
the punching operation of the punching unit in a modified example of the third embodiment. 
Fig. 25 is a plan view showing an arrangement of a shifting-type punching device in a copying machine in accord- 
ance with the fourth embodiment of the present invention. 

Fig. 26 is a vertical cross-sectional view showing an arrangement of a punching unit provided in the shifting-type 
punching device of Fig. 25. 

Fig. 27 is a vertical cross-sectional view of the punching unit of Fig. 26 when seen from the upstream side of the 
transport guide. 

Fig. 28(a) is a plan view showing an arrangement of a punch-scraps collecting device that is provided in the shift- 
ing-type punching device of Fig. 25. 

Fig. 28(b) is a cross-sectional view taken along the line D-D in Fig. 28(a) that shows the arrangement of the punch- 
scraps collecting device that is provided in the shifting-type punching device of Fig. 25. 

Fig. 29(a) is a cross-sectional view taken along the line B-B in Fig. 28(a) that shows the shape of the punch-scraps 
receiving section of the punch-scraps collecting device. 

Fig. 29(b) is a cross-sectional view taken along the line C-C in Fig. 29(a) that shows the shape of the punch-scraps 
receiving section of the punch-scraps collecting device. 

Fig. 30 is a block diagram showing a control system for controlling the operation of the shifting-type punching 

device in accordance with the fourth and fifth embodiments of the present invention. 

Fig. 31 is a timing chart that shows the operation of the shifting-type punching device of Fig. 25. 

Fig. 32 is a flow chart showing a sequence of punching processes that are carried out when punch holes are 

formed by the shifting-type punching device of Fig. 25 along the direction orthogonal to the transporting direction 

of a sheet of paper. 

Fig. 33 is an explanatory drawing that shows a positional relationship between a sheet of paper wherein punch 

holes are formed and the punching unit of Fig. 26 that is in the stand-by state at the home position. 

Fig. 34 is an explanatory drawing that shows a positional relationship between the punching unit of Fig. 26 and a 

sheet of paper wherein punch holes are fanned in the case when the first punch hole is formed. 

Fig. 35 is an explanatory drawing that shows a positional relationship between the punching unit of Fig. 26 and a 
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sheet of paper wherein punch holes are formed in the case when the second punch hole is formed. 

Fig. 36 is an explanatory drawing that shows a positional relationship between a sheet of paper wherein punch 

holes are formed and the punching unit of Fig. 26 that is located at the return position. 

Fig. 37 is an explanatory drawing that shows a state where a punch hole is widened due to a punching operation 
carried out by the shifting-type punching device of Fig. 25. 

Fig. 38 is an explanatory drawing that shows a positional relationship between the punching unit and a sheet of 
paper in the case when punch holes are formed by the shifting-type punching device of Fig. 25 in the transporting 
direction of the paper. 

Fig. 39 is a flow chart showing a sequence of punching processes that are carried out when punch holes are 
formed by the shifting-type punching device of Fig. 25 in the transporting direction of a sheet of paper. 
Fig. 40(a) is an explanatory drawing that shows defective punch holes that are caused when the width of sheet of 
paper is narrower than the interval of the punch holes. 

Fig. 40(b) is an explanatory drawing that shows defective punch holes that are formed close to the edges of a sheet 
of paper. 

Fig. 40(c) is an explanatory drawing that shows a tear developed in a sheet of paper from one of the punch holes. 
Fig. 40(d) is an explanatory drawing that shows defective punch holes that are caused by dislocation of a sheet of 
paper. 

Fig. 41(a) is an explanatory drawing that shows punch holes that are formed along the long-side edge of a sheet 
of paper. 

Fig. 41 (b) is an explanatory drawing that shows punch holes that have the sane interval as the punch holes of Fig. 
41 (a) and that are formed along the short-side edge of a sheet of paper. 

Fig. 42 is a flow chart showing a sequence of processes for an erroneous-copying preventive control in the copying 
machine provided with the shifting-type punching device of Fig. 25. 

Fig. 43(a) is an explanatory drawing that shows a warning message to be displayed on the display panel in the case 

when the width of a sheet of paper is too short in the erroneous-copying preventive control of Fig. 42. 

Fig. 43(b) is an explanatory drawing that shows a warning message to be displayed on the display panel in the case 

when the length of a sheet of paper is too short in the erroneous-copying preventive control of Fig. 42. 

Fig. 43(c) is an explanatory drawing that shows a waning message to be displayed on the display panel in the case 

when a sheet of paper in question is out of the regular sizes in the erroneous-copying preventive control of Fig. 42. 

Fig. 43(d) is an explanatory drawing that shows a waning message to be displayed on the display panel in the case 

when the orientation of a sheet of paper is not proper in the erroneous-copying preventive control of Fig. 42. 

Fig. 44 is a flow chart showing a sequence of processes for another erroneous-copying preventive control in the 

copying machine provided with the shifting-type punching device of Fig. 25. 

Fig. 45(a) is an explanatory drawing that shows a warning message to be displayed on the display panel in the case 

when the width of a sheet of paper is too short in the erroneous-copying preventive control of Fig. 44. 

Fig. 45(b) is an explanatory drawing that shows a warning message to be displayed on the display panel in the case 

when the length of a sheet of paper is too short in the erroneous-copying preventive control of Fig. 44. 

Fig. 45(c) is an explanatory drawing that shows a warning message to be displayed on the display panel in the case 

when a sheet of paper in question is out of the regular sizes in the erroneous-copying preventive control of Fig. 44. 

Fig. 45(d) is an explanatory drawing that shows a warning message to be displayed on the display panel in the case 

when the orientation of a sheet of paper is not proper in the erroneous-copying preventive control of Fig. 44. 

Fig. 46 is a flow chart showing a sequence of processes for still another erroneous-copying preventive control in 

the copying machine provided with the shifting-type punching device of Fig. 25. 

Fig. 47(a) is an explanatory drawing that shows a warning message to be displayed on the display panel in the case 
when the width of a sheet of paper is too short in the erroneous-copying preventive control of Fig. 46. 
Fig. 47(b) is an explanatory drawing that shows a warning message to be displayed on the display panel in the case 
when the length of a sheet of paper is too short in the erroneous-copying preventive control of Fig. 46. 
Fig. 47(c) is an explanatory drawing that shows a warning message to be displayed on the display panel in the case 
when a sheet of paper in question is out of the regular sizes in the erroneous-copying preventive control of Fig. 46. 
Fig. 47(d) is an explanatory drawing that shows a warning message to be displayed on the display panel in the case 
when the orientation of a sheet of paper is not proper in the erroneous-copying preventive control of Fig. 46. 
Fig. 48 is a vertical cross-sectional view showing an arrangement of a punch-scraps collecting device in accord- 
ance with the first modified example of the fourth embodiment of the present invention. 

Fig. 49 is a perspective view showing an arrangement of another punch-scraps collecting device in accordance with 

the first modified example of the fourth embodiment of the present invention. 

Fig. 50 is a perspective view showing main parts of the punch-scraps collecting device of Fig. 49. 

Fig. 51 is a vertical cross-sectional view illustrating a punch-scraps filled-state detection mechanism that is installed 

in the punch-scraps collecting device of Fig. 49. 
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Fig. 52 is a flow chart showing sequences of the punch-scraps collecting processes and f illed-state detection proc- 
esses that are carried out by the shifting-type punching device having the punch-scraps collecting device of Fig. 49. 
Fig. 53 is a plan view showing an arrangement of a punching unit that is used in the shifting-type punching device 
in accordance with the second modified example of the fourth embodiment of the present invention. 
s Fig. 54 is a vertical cross-sectional view of the punching unit of Fig. 53 when seen from the upstream side of the 
transport guide. 

Fig. 55 is a plan view showing an arrangement of a shifting-type punching device in a copying machine in accord- 
ance with the fifth embodiment of the present invention. 

Fig. 56 is a flow chart showing a sequence of punching processes that are carried out when punch holes are 
to formed by the punching unit of Fig. 55 along the direction orthogonal to the transporting direction of a sheet of 
paper. 

Fig. 57 is a flow chart showing another sequence of punching processes that are carried out when punch holes are 
formed by the punching unit of Fig. 55 along the direction orthogonal to the transporting direction of a sheet of 
paper. 

15 Fig. 58 is a vertical cross-sectional view showing one example of an arrangement of a conventional paper-punching 
device. 

DESCRIPTION OF THE EMBODIMENTS 
20 [EMBODIMENT 1] 

[0037] Referring to Figs. 1 through 1 3, the following description will discuss the first embodiment useful for the under- 
standing of the present invention. 

[0038] As illustrated in Fig. 1 , in a copying machine in accordance with the present embodiment, a transparent doc- 
25 ument platen 2, on which an original to be copied is placed, is installed on the top surface of the apparatus main body 
1, and a document cover 3 for covering the document platen 2 is also installed thereon. Further, an operation section 
90, shown in Fig. 2, is installed on the top surface of the apparatus main body 1. 

[0039] The operation section 90 is provided with: a punch key 91 for specifying a punch mode; a display panel 92 for 
displaying messages; an input key 93; ten keys 94; a clear key 95 for ten keys; a canceling key 96; and a print key 97. 
30 The user is allowed to specify various factors, such as various modes, the number of copies, the number of punched 
holes in the punch mode, and positions of punched holes, through the operation section 90. Moreover, various special 
modes, such as a thick-paper mode for carrying out a copying operation on sheets of thick paper, a cover mode, and 
an insert mode, are specified through the operation section 90. 

[0040] As illustrated in Fig. 1 . an optical system 4 is installed below the document platen 2. The optical system 4 is 
35 constituted of a copy lamp 5 which is a halogen lamp or other lamps, a plurality of mirrors 6 through 1 1 , and a lens unit 

1 2. The mirrors 6 though 1 1 are arranged so that a light beam projected from the copy lamp 5 is directed to the original 
placed on the document platen 2, and so that the reflected light beam from the original is directed to a photoreceptor 

13, which will, be described later, as is indicated by an alternate long and short dash line. Further, the lens unit 12 has 
a function for retracting and converging the reflected light beam so as to allow it to form a clear image on the photore- 

40 ceptor 13. 

[0041 ] Below the optical system, is located a copy process section which has the photoreceptor 13 as its main device. 
On the periphery of the photoreceptor 13, are disposed a main charger unit 14, a developing unit 15, a transferring 
charger 16, a separating charger 17, a cleaning unit 18 and other devices. Further, the copy process section also 
includes a belt-shaped suction unit 1 9 that is installed on the paper-discharging side of the photoreceptor 13, and a fix- 

45 ing device 20 that is installed on the paper-discharging side of the suction unit 19. 

[0042] Below the developing unit 1 5, are disposed paired register rollers 21 for supplying sheets of paper to the pho- 
toreceptor 13 in proper timing. Further, below the copy process section, are disposed feeding cassettes 22 and 23 for 
housing sheets of paper of respective sizes. Moreover, a manual feeding tray 24 is attached to the side wall on the 
developing unit 15 side in the apparatus main body 1. Furthermore, a transporting device 26, which has transporting 

so rollers 25 and other members so as to transport sheets of paper, is installed between the register rollers 21 , the feeding 
cassettes 22, 23 and the manual feeding tray 24. Thus, the register rollers 21, the feeding cassettes 22 and 23, the 
manual feeding tray 24, and the transporting device 26 constitute a feeding section. 

[0043] On the paper-discharging side of the fixing device 20, are installed a paper-punching device 27, which is 
related to the present invention and will be described later in detail, and a separation gate 28 for selectively delivering 
55 sheets of paper between the feeding cassette 22 and outside of the apparatus main body 1 . Further, a staple sorter 29 
for ejecting sheets of paper, and other devices are attached to the outer wall on the paper-discharging side of the paper- 
punching device 27 in the apparatus main body 1 . 

[0044] In the copy process section, when the reflected light beam, which has been directed from the original through 
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the optical system 4, forms an image on the photoreceptor 13 that is charged by a predetermined voltage applied from 
the main charger unit 14, an electrostatic latent image corresponding to the image of the original is formed on the pho- 
toreceptor 13. Then, the electrostatic latent image is visualized by toner supplied from the developing unit 15 to form a 
toner image, This toner image is transferred by the transferring charger 16 onto a sheet of paper that is fed from the 
feeding cassette 22 or 23 or the manual feeding tray 24. The sheet of paper bearing the toner image transferred thereon 
is separated from the photoreceptor 13 by the separating charger 17, and is transported by the suction unit 19 to the 
fixing device 20, where the toner image is fixed onto the sheet of paper by heat. 

[0045] After completion of the copying process as described above, the sheet of paper is subjected to a punching 
process at the paper-punching device 27, and is directed to the staple sorter 29 through the separation gate 28. Then, 
the sheet of paper is subjected to a stapling process and a sorting process at the staple sorter 29. and is discharged! 
Here, in the case of a double-sided copying operation, the sheet of paper, which has passed through the fixing device 
20, is directed to the feeding cassette 22 by the separation gate 28. and is subjected to a copying process on the back 
side. 

[0046] Here, the punching process is carried cut by the paper-punching device 27 only when the punch key 91 on the 
operation section 90 is pressed so that the punch mode is on. 

[0047] The copying machine off the present embodiment is provided with a punching unit 30 as the paper-punching 
device 27. The following description will discuss the arrangement of the punching unit 30. 

[0048] As illustrated in Fig. 3(a) and Fig. 4, the punching unit 30 is constituted of a transport guide 31 , a photosensor 
32, a punching device 33, a driving roller 34, a driven roller 35, and a driving device 36. 

[0049] The transport guide 31 , which is constituted of two plates, an upper plate 31 a and a lower plate 31b, that are 
disposed at upper and lower positions in parallel with each other, is designed to direct sheets of paper P from'the sep- 
aration gate 28 toward the paper-discharging side, as welt as regulating the dislocation of the sheets of paper P in the 
longitudinal direction. An opening 31c is provided in the upper plate 31a on the downstream side (on the staple sorter 
29 side) of the separation gate 28. The photosensor 32 is installed at this opening 31c. 

[0050] The photosensor 32 is a so-called optical sensor of the reflection type. The photosensor 32 projects light down- 
ward, and upon receipt of the reflected light from a sheet of paper P being transported through the transport guide 31 , 
it releases a detection signal that indicates the passage of the sheet of paper P. Therefore, the photosensor 32 is used 
for detecting the rear edge of the sheet of paper P when it stops releasing the detection signal, thereby functioning as 
a rear-edge detection means. 

[0051] The punching device 33 is installed on the downstream side from the opening 31 c in the transport guide 31 . 
The punching device 33 is constituted of a housing case 37, a punching member 38, a resetting spring 39, and a punch- 
ing die 40. Further, as many punching devices 33 as the number of punch holes required for the sheets of paper P are 
installed side by side in the direction perpendicular to the paper surface in Fig. 3(a) with predetermined intervals. 
[0052] Fig. 4 is a drawing that is obtained when Fig. 3(a) is seen from the downstream side. Referring to this drawing, 
the following description will discuss the housing case 37 in detail. The housing case 37 has a space inside such that 
the punching member 38 is allowed to move up and down and the resetting spring 39 is allowed to extend in a prede- 
termined range. Moreover, the housing case 37 has through holes 37a and 37b provided in its top face and bottom face, 
which allow the punching member 38 to penetrate therethrough. The through hole 37b coincides with an opening 31d 
that is provided in the upper plate 31 a. 

[0053] The punching member 38, which has a cylindrical shaft shape in a whole view, is provided with a punching 
blade 38a at its bottom end and a collar portion 38b around its virtually middle portion. 

[0054] A blade 41 , shown in Figs. 6(a) through 6(c), or a blade 42, shown in Figs. 7(a) and 7(b), may be adopted as 
the punching blade 38a. 

[0055] The blade 41, which is commonly used in manual punching devices, has two blade tops 41a with a deep 
recessed portion 41b between the blade tops 41a. In this case, however, when the blade 41 is used to form a punch 
hole in a sheet of paper P, only the blade tops 41a stick into the sheet of paper P at its initial stage of the punching oper- 
ation. When the transporting force is applied to the sheet of paper P at this state, the sheet of paper P tends to be torn 
easily. Therefore, the blade 41 is not suitable for a high-speed punching operation with the sheet of paper P being trans- 
ported. 

[0056] The blade 42, on the other hand, has a recess like a mortar on its top, and all the circumferential edge on the 
top forms a blade top 42a. Therefore, even if the blade 42 is used to form a punch hole in a sheet of paper P, no trouble 
occurs since the blade top 42a stick into the sheet of paper at the same time, which is different from the case of the 
blade 41 . In the blade 42, however, since all the portion of the blade top 42a has to stick into the sheet of paper P at the 
same time, it is necessary to provide an extremely large force as a driving torque for the punching member 38; this 
results in a heavy burden on the driving device 36. Therefore, it is difficult to adopt the blade 42 in an actual operation. 
[0057] For this reason, a blade 43. shown in Figs. 8(a) through 8(d), is adopted in the present punching unit 30. The 
blade 43 has four blade tops 43a. provided around its center axis, and four blade bottoms 43b that are formed between 
the adjacent blade tops 43a. Here, the blade tops 43a and the blade bottoms 43b are located alternately with intervals 
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of 45 degrees. The blade 43 is designed so that the minimum stroke required for punching a hole is set to be smaller 
(0.8 mm) than those of the blades 41 and 42. The blade tops 43a are formed into a cruciform shape; therefore, upon 
punching a hole in a sheet of paper P, the blade tops 43a stick into the sheet at the same time, and it is possible to min- 
imize the driving torque of the punching member 38, compared with the case of the blade 42. Thus, this arrangement 
5 is suitable for carrying out a punching operation on a sheet of paper P at high speeds while the sheet of paper P is being 
transported. 

[0058] The punching die 40 is attached to the lower plate 31b. The punching die 40 has a tube section 40a at its cen- 
tral portion, which extends upward and has an opening at its top. The tube section 40a. which has a diameter slightly 
larger than the outer diameter of the punching member 38, is inserted into an opening 31 e that is provided in the lower 
jo plate 31b so as to face the opening 31d. With this arrangement, when the punching member 38 is shifted downward, 
the punching blade 38a reaches the inside of the tube section 40a. 

[0059] The resetting spring 39, which is a compression coil spring, is disposed around the punching meter 38. The 
respective ends of the resetting spring 39 are held by the collar portion 38b and the bottom surface of the housing case 
37. When no external downward force is applied onto the punching member 38, the resetting spring 39 urges the 
is punching member 38 to a stand-by station, as illustrated in Fig. 3(a). Further, when an external downward force, which 
has been applied to the punching member 38, is released, the resetting spring 39 resets the punching member 38 to 
the stand-by station. 

[0060] The driving roller 34 and the driven roller 35 are installed on the downstream side (on the staple sorter 29 side) 
from the punching device 33 in the transport guide 31 . The driving roller 34 (hereinafter, referred to simply as the trans- 
it? port roller) is installed at an opening 31f that is provided in the lower plate 31b, and is driven to rotate by a motor, not 
shown. The driven roller 35 (hereinafter, referred to simply as the transport roller), on the other hand, is installed at an 
opening 31 g that is provided in the upper plate 31a, and is driven to rotate by contacting the transport roller 34. The 
transport rollers 34 and 35 always rotate in a direction indicated by the arrow during the copying operation, thereby 
transporting sheets of paper P toward the downstream side. 
25 [0061 ] When the transporting operation is carried out in a state where a large friction is exerted between the transport 
rollers 34 and 35 and the sheet of paper P, the sheet of paper P might be damaged depending on the kinds of the sheet 
of paper P. In other words, the sheet of paper P is pulled by the transport rollers 34 and 35 even while it is caught by the 
punching blade 38a; therefore, in the case of thin paper, the portion of the sheet of paper P that is caught by the punch- 
ing blade 38a tends to be torn. 

30 [0062] For this reason, in the present embodiment, a foamed material is adopted as a material of the transport roller 
35 so that the transport roller 35 may slip slightly with respect to the sheet of paper P in the case when a force opposing 
to the transporting force (a restraint due to the punching blade 38a) is exerted. Materials having sponge texture may be 
preferably used as such a foamed material; however, those foamed materials to be used as the transport roller 35 
should satisfy rigid requirements in terms of physical properties, weatherability, and other properties, in comparison 

35 with commonly-used foamed materials. The materials that satisfy those requirements include, for example, urethane 
foam and silicon-rubber foam. 

[0063] The transport roller 35, which is made of a foamed material having such properties, presses the sheet of paper 
P at a virtually constant force because of its foamed structure, independent of its amount of deformation; therefore, it is 
possible to obtain such a slipping performance. In contrast, rubber rollers, which has a greater pressing force when 

40 deformed to a great extent, are not suitable for the transport roller 35. 

[0064] Moreover, even in commonly-used arrangements wherein a rubber roller is used as the transport roller 34 and 
the transport roller 35 is made of POM (Polyoxymethylene), the transport roller 35 may be also allowed to slip with 
respect to the sheet of paper P by setting the nipping force of the transport rollers 34 and 35 smaller than usually used. 
When comparisons are made between the transport rollers 35 that are respectively made of urethane foam and POM, 

45 there is hardly any difference between their slipping performance as long as the nipping force of the transport rollers 34 
and 35 is appropriately set. 

[0065] However, in the case of POM rollers, since they have virtually rigid bodies, deviations might occur in their slip- 
ping performance unless the nipping force of the transport rollers 34 and 35 are strictly set. In other words, if the nipping 
force is too large, the punching operation will not be properly performed due to insufficient slipping, If the nipping force 
so is too small, slipping might occur even during the transporting process. In contrast, in the case of urethane-foarn rollers, 
the pressing force to the sheet of paper P is kept virtually constant independent of the amount of deformation; therefore, 
optimum slipping performance is obtained without the necessity of setting the nipping force as strictly as that of POM 
rollers. 

[0066] Additionally, the difference in slipping performance between POM rollers and urethane-foam rollers will be clar- 
55 Hied by the results of experiments which will be described later. 

[0067] The driving device 36 is constituted of a support member 51, a pressing bar 52, a piezoelectric element 53, 
and a distortion-enlarging mechanism 54. 

[0068] The support member 51 , which is installed on the paper guide 31 , consists of a base 51 a and a pillar 51 b. The 
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base 51a is securely fixed on the upper plate 31a. and the pillar 51b extends upward vertically from the base 51a. The 
pressing bar. 52 has its base end attached to the top end of the pillar 51b with a pin 55 so as to rotate freely, and has its 
free end extending to the top end of the punching member 38. 

[0069] The piezoelectric element 53 exerts a dimensional distortion through its piezoelectric effects when voltage is 
5 applied thereto. As shown in Fig. 5. the directions of the dimensional distortion include a direction extending toward the 
center with respect to the longitudinal direction of Fig 5 and a direction extencfing outward with respect to the lateral 
direction of Fig. 5. 

[0070] The distortion-enlarging mechanism 54. which is made of steel having a thickness in the order of 5 mm in its 
entire structure, is partially provided with portions that are easily distorted (portions encircled with an alternate long and 

10 short dash line) so that the entire structure is distorted by the dimensional distortion of the piezoelectric element 53. 
The distortion-enlarging mechanism 54 is constituted erf side portions 54a and 54b. an upper portion 54c. a lower por- 
tion 54d. and connecting portions 54e and 54f. all of which surround the piezoelectric element 53. 
[0071] The side portions 54a and 54b are connected to the respective ends of the piezoelectric element 53 in the 
lateral direction of Fig. 5. The upper portion 54c and the tower portion 54d are respectively connected to the side por- 

15 tions 54a and 54b through the narrowed portions that are located at the respective ends thereof, and each of them has 
a large notched portion at the center thereof so as to be easily distorted. With this structure, the distortion-enlarging 
mechanism 54 has distortions at portions indicated by after nate Jong and short dash lines in Fig. 5. Here, since the 
amounts of the distortions are slight at the distorted portions, no plastic distortion occurs. 

[0072] The connecting portion 54e is formed into a long shape extending upward from the top end at the center of the 
20 upper portion 54c. and its upper end is fixed to a shaft in the pressing bar 52 at a position relatively closer to the base 
and farther from the free end. The connecting portion 541. on the other hand, is formed into a short shape extending 
downward from the bottom end at the center of the lower portion 54d. and its lower end is fixed to a shaft in the base 
51a. 

[0073] In the driving device 36 that is arranged as described above, the dimensional distortion, which is exerted on 

25 the piezoelectric element 53 in the directions indicated by the arrows, is increased to a large- displacement by the dis- 
tortion of the distortion-enlarging mechanism 54. and the displacement is transmitted to the pressing bar 52. Then, the 
pressing bar 52 is pulled toward the base 51a side so that it rotates downward centered on the pin 55. Thus, the free 
end of the pressing bar 52 is shifted downward, and presses the punching member 38 downward. 
[0074] The following description will, discuss an outline of a control system for driving the punching device 33. 

30 [0075] As shown in Fig. 9, in this control system, a detection signal from the photosensor 32 is inputted to a timer 61 . 
The timer 61 . upon receipt of the detection signal, starts time-counting, and after counting a predetermined period of 
time, releases a time-counting completion signal to a driving arcurt 62 The driving circuit 62 is a circuit for generating 
a driving voltage to be supplied to the piezoelectric element 53. and upon receipt of the time-counting completion signal 
from the timer 61 . the driving circuit 62 releases the driving vottage 

35 [0076] The time that is counted by the timer 61 is determined based on the transporting speed, punch-hole positions 
on a sheet of paper P, the operating time of the punching device 33 and the driving device 36, and other factors. For 
example, supposing that the transporting speed is constant the counting time of the timer 61 is set longer in the case 
of forming a hole close to the rear edge of the sheet ol paper P, wtnie the counting time of the timer 61 is set shorter in 
the case of forming a hole far from the rear edge of the sheet of paper P 

40 [0077] Here, supposing that the transporting speed is V [mnvsec] and the tine during which the sheet of paper P is 
caught by the punching blade 38a is t [sec], the punching memoer 38 is driven under conditions where the following 
inequality holds so that the sheet of paper P is not damaged by the punching operation. 

V [mm/sec] a t [sec] - 1 |mm] (1) 

45 

More specifically, the present punching unit 30 is arranged so that the transport roller 35 is' allowed to make a slip of 1 
[mm] at maximum with respect to the sheet of paper P when the sheet of paper P is caught by the punching blade 38a. 
Supposing that the transporting speed is set as fast as that of commonly-used copying machines, the above-mentioned 
conditions are satisfied by using the piezoelectric element 53 so as to shorten the operating tine of the driving device 
so 36. In addition, the above-mentioned relationship will be further clarified by the results of experiments, which will be 
described later. 

[0078] Referring to the flow chart of Fig. 10. the following descrption will discuss the operation of the punching unit 30. 
[0079] A sheet of paper P, which has been transported from the mam body 1 . is directed into the transport guide 31 . 
and then transported by the transport rollers 34 and 35. In this case, when the rear edge of the sheet of paper P is 
55 detected by the photosensor 32 (S1), a judgement is made as to whether or not the punch mode has been specified 
(S2). If the punch mode has been specified, the timer 61 turns on. thereby starting time-counting (S3). The timer 61, 
after counting a predetermined period of time, turns off, thereby completing the time-counting (S4). Upon receipt of the 
OFF of the timer 61 , the driving device 36 and the punching device 33 are activated, and a punching operation is carried 
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out (S5). Here, If the punch mode is not specif ied at S2, the punching operation is not carried out. 
[0080] During the punching operation, the driving circuit 62, upon receipt of the time-counting completion signal from 
the timer 61, generates a driving voltage for driving the piezoelectric element 53. Thus, in the driving device 36, a 
dimensional distortion occurs on the piezoelectric element 53, and the pressing bar 52 is driven downward. In the 
5 punching device 33, since the punching member 38 is depressed downward by the pressing bar 52, the punching blade 
38a catches the sheet of paper P, and forms a punch hole, as illustrated in Fig. 3(b). At this time, since the transport 
rollers 34 and 35 are rotating, the transport roller 35 is allowed to slip with respect to the sheet of paper P when the 
sheet of paper P is caught by the punching blade 38a. 

[0081 ] The following description will, discuss the experimental results on actual punching operations that were carried 
w out by the punching unit 30 while one portion or all, portions of the sheet of paper was being transported without stop. 
Here, explanations will, be first given on comparative examples (A) wherein both the -transport rollers 34 and 35 are 
made of rubber, and then given on examples (B) wherein the transport roller 34 is a rubber roller and the transport roller 
35 is a polyurethane-foam roller. 

[0082] In this case, the transporting speed V [mm/sec] at which the sheet of paper P is transported was classified 
15 into: 100, 200, and 400; and the time t [sec] during which the sheet of paper is caught by the punching blade 38a was 
classified into 1.25/1000, 2.5/1000. 5/1000. 10/1000. 20/1000 and 40/1000. The experiments were carried out under 
various combinations of the transporting speed V and the time t. The time t represents a period of time from the time 
when the punching blade 38a sticks into the sheet of paper P until the time it retreats from the sheet ol paper P after 
completion of the punching process Further, the frequency of occurrence of troubles, such as torn sheets of paper P 
20 and scratches on paper P due to slip of the transport roller 35. was classified by each scale of 10%, and based on the 
accumulations of the frequencies of occurrence, histograms were made on the respective cases of (A) and (B), as 
shown Figs. 1 1 (a) through 1 1 (c) and Figs 1 2(a) through 1 2(c) respectively. 

[0083] Additionally, five tyres of paper P were used in the present experiments: 64 g/m 2 , 75 g/m 2 , 80 g/m , 129 g/m 
and 200 g/m 2 . 

25 [0084] Moreover, in the above-mentioned histograms, the count value is determined by one value of "V" and one value 
of T. In addition, the types of tested sheets of paper are related to the values of T and T. in such a manner that, for 
example, in thick sheets of paper, as the transporting speed V decreases, the time t increases. Furthermore, the num- 
bers (parameter) of the five types of tested sheets of paper were not uniform, and phenomena of troubles caused on 
the various tested sheets and their levels were drfterent depending on the respective cases. 

30 [0085] The histograms in the case of (A) are shown m Figs 1 1 (a) through 1 1 (c). In Fig. 1 1 (b). the numbers of sheets 
of tested paper that were used under the conditions of V « 200 [mm/sec] and t = 40/1000 [sec] were: 30 sheets of 64 
g/m 2 ; 40 sheets of 75 g/m 2 ; 40 sheets of 90 g/m\ 50 sheets of 128 g/m 2 ; and 40 sheets of 200 g/m 2 . During punching 
operations under these conditions, the following troubles occurred on the respective sheets of tested paper. As shown 
in Fig. 13(a), tears R that extend to the rear edge of the sheet developed in the respective sheets of tested paper: 64, 

35 75, and 80 g/m 2 . As shown in Fig 1 3(b). defective punch holes S were caused in the respective sheets of tested paper: 
64^ 75, 80 and 1 28 g/m 2 . As shown m Fig 1 3(c) scratches T due to the roller were caused in the respective sheets of 
tested paper: 75. 128, and 200 g/trr 

[0086] Here, the above-mentioned phenomena of troubles are regarded as troubles that are caused by application of 
the transporting force to a sheet of paper thai is being caught by the punching blade 38a. Thus, the rate of occurrence 
40 of troubles is calculated as follows (The total numoer of occurrences of troubles)/(The total number of all the 
sheets of tested paper) x 100 [%] 

[0087] When the experimental results, which are md>cated by the histograms of Figs. 1 1(a) through 1 1(c), are evalu- 
ated and analyzed systematically, it is found that the frequency of occurrence of troubles is not more than 10 % in the 
case when the aforementioned inequality (1 ) & satisfied In other words, these cases correspond to t = 1 .25, 2.5, 5, and 
45 10 [sec] in the histogram (V = 100 [mnVsecl) of Fig 1 1 (a), t = 1.25. 2.5, and 5 [sec] in the histogram (V = 200 [mm/sec]) 
of Fig. 1 1 (b); and t = 1 .25 and 2.5 [sec] in the histogram (V = 400 [mm/sec]) of Fig. 1 1 (c). 

[0088] This shows that if the amount of transport of the sheet of paper R which is made by the transport roller 35 while 
the sheet of paper P is being caught by the punching Wade 38a. is not more than 1 [mm], damages caused on the sheet 
of paper P are comparatively small. Therefore. H the punching unit 30 is designed so as to provide the conditions that 
so satisfy the inequality (1), it becomes possible to carry out the punching operation while the sheet of paper P is being 
transported. 

[0089] However, even under the conditions that satisfied the inequality (1 ). troubles occurred although the percentage 
was not more than 10 %. When consideration was given to clarify the causes of this problem, it was found that a major 
cause was that the force used to depress the sheet of paper P was too strong because both of the transport rollers 34 
55 and 35 were made of rubber. Here, other experiments were carried out so as to find whether or not the troubles could 
be solved by reducing the nipping force of the transport rollers 34 and 35. However, even if the average pressing force 
was reduced, it was not possble to eliminate the troubles completely although the rate of occurrence of troubles was 
lowered, In other words, as long as the transport rollers 34 and 35 are made of rubber, it seems impossible to com- 
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pletely eliminate the phenomenon that the sheet of paper P closely contact the transport rollers 34 and 35 momentarily. 
[0090] Next, with regards to the case (B), experiments were carried out so as to check the occurrence of troubles dur- 
ing the punching operation in the same manner as was done in the case (A). More specifically, in the experiments, rub- 
ber was used as the material of the transport roller 34, and foamed material, such as polyurethane foam, was used as 
5 the material of the transport roller 35. The same experiments were also carried out in the case of using POM resin as 
the material of the transport roller 35. The experiments showed that in both the foamed material and the POM resin, the 
rate of occurrence of troubles was lowered to far less than 10 %, and the frequency of occurrence of troubles was fur- 
ther lowered even in the case of V x t > 1 . 

[0091] This is because slipping, which is allowed by the transport rollers 34 and 35, absorbs the transporting force 
w exerted on the sheet of paper. In other wads, the sheet of paper P is being pulled by the transport rollers 34 and 35 
even while it is caught by the punching blade 38a. Therefore, it is pulled harder beyond its slight flexibility, but the pulling 
force at this time is absorbed by the slipping of the sheet of paper allowed by the transport rollers 34 and 35. 
[0092] Among the above-mentioned upgrading experiments, the results of those using a rubber roller and a poly- 
urethane-foam roller respectively as the transport roller 34 and the transport roller 35 are shown in histograms in Figs. 
is 12(a) through 12(c). These histograms show that troubles are completely eliminated under conditions that satisfy 
V x t < 1 and that the frequency of occurrence of troubles is lowered even under conditions where V x t > 1 . 
[0093] The following points were found from the results of the experiments in the respective cases (A) and (B). In the 
case when the time t needed for catching the paper was extremely short in comparison with the transporting speed V, 
no troubles occurred in any of the sheets of paper. In the case when the time t needed for catching the paper was 
20 extremely long in comparison with the transporting speed V, troubles, such as tears R (see Fig. 13(a)) and defective 
punch holes S (see Fig. 13(b)), occurred in thin paper at high frequencies. Moreover, as to thick paper, under the same 
conditions, since the sheet of paper P came into a stopped state momentarily, scratches T (see Fig. 13(c)) due to slip 
of the transport rollers 34 and 35 were caused only in the case (A) at high frequencies. 

[0094] As described above, in the punching unit 30 of the present embodiment, since the punching operation is car- 
25 ried out on the rear side of the sheet of paper R it is possible to reduce the frequency of occurrence of troubles such as 
paper jam to a great degree, even if the transporting speed is increased in order to achieve a high-speed operation. Fur- 
ther, since warping of the sheet of paper P does not occur, it is possible to avoid damages due to the warping of the 
sheet of paper P, as well as allowing the punching operation to be conducted on thick paper that exceeds 1 .28 g/m 2 . 
[0095] Moreover, the punching operation is carried out without the necessity of stopping the transportation while the 
30 transport rollers 34 and 35 are kept rotating; this enables a high-speed operation. Furthermore, the transport roller 35 
allows a slight slip during the short period when the sheet of paper P is caught by the punching blade 38a upon forming 
punch holes; this reduces the possibility of damages such as torn paper even if the sheet of paper P is pulled by the 
transport rollers 34 and 35. 

[0096] In addition, since the piezoelectric element 53 is adopted as a driving source of the driving device 36, the oper- 
35 ation speed of the punching device 33 is increased; the time during which the sheet of paper P is caught by the punch- 
ing blade 38a is shortened; and thus it becomes possible to reduce the frequency of occurrence of damage to the sheet 
of paper P. 

[0097] Furthermore, when a stapling operation is carried out simultaneously with the punching operation, this 
arrangement allows both of the operations to be carried out on the rear-edge side of the sheets of paper; thereby 
40 improving the efficiency of the operations. Commonly, the stapling operation is conducted after aligning the rear edges 
of sheets of paper. Therefore, sheets of paper P with punch holes on the rear edges thereof have less misalignments 
between the punch holes compared with other cases. In addition, in the stapling operation, it is common to staple the 
sheets of paper on their rear-edge side, with the alignment of punch holes coincident with the direction of the stapling 
operation. 

45 

[MODIFIED EXAMPLE 1] 

[0098] The following description will discuss the first modified example of the present embodiment. 
[0099] In this modified example, a punching unit 71 , shown in Fig. 14, is provided as the paper-punching device 27. 
so The punching unit 71 , which has punching devices 33 and 33', and a driving device 72, is designed to form two punch 
holes. 

[0100] The punching devices 33 and 33'. which have identical functions, are disposed with a predetermined interval 
that corresponds to the interval of punch holes. A driving device 72, which functions as a driving means, is disposed at 
the mid-position between the punching devices 33 and 33'. The driving device 72 is constituted of a support member 
55 73, pressing bars 74 and 75, a piezoelectric element 53. and a distortion-enlarging mechanism 54. 

[01 01] The support member 73, which is installed on the paper guide 31 , consists of a base 73a and pillars 73b and 
73c. The base 73a is securely fixed on the upper plate 31a, and the pillars 73b and 73c extend upward vertically from 
the base 73a in parallel with each other with a predetermined interval. 
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[0102] The pressing bar 74 has its base end attached to the top end of the pillar 73b with a pin 76 so as to rotate 
freely. The free end of the pressing bar 74 extends to the top end of the punching member 38 of the punching device 
33. The pressing bar 75. on the other hand, has its base end attached to the top end of the pillar 73c with a pin 77 so 
as to rotate freely in a direction reversed to the pressing bar 74. The free end of the pressing bar 75 extends to the top 
£ end of the punching member 38 off the punching device 33'. 

[0103] The distortion-enlarging mechanism 54 has its connecting section 54e attached to both the pressing bars 74 
and 75 with a pin at the mid-position between the pillars 73b and 73c. Further, the connecting section 54f is attached 
to the base 73a with a pin. 

[0104] In the driving device 72 that is arranged as described above, the dimensional distortion, which is exerted on 
io the piezoelectric element 53, is increased to a larger displacement by the distortion of the distortion-enlarging mecha- 
nism 54, and the displacement is transmitted to the pressing bars 74 and 75. Then, since their respective attached por- 
tions to the connecting section 54e are pulled toward the base 73a side, the pressing bars 74 and 75 rotate downward 
centered on the pins 76 and 77. Thus, the free ends of the pressing bars 74 and 75 are shifted downward, and press 
the punching members 38 of the punching devices 33 and 33' downward. 
is [01 05] In this modified example, the two punching devices 33 and 33' are driven by a single driving source using the 
piezoelectric element 53; this makes it possible to simplify the construction, as well as reducing the manufacturing cost 
of the punching unit 71 . 

[MODIFIED EXAMPLE 2] 

20 

[0106] The following description will discuss the second modified example of the present embodiment 
[0107] In this modified example, a punching unit 81 , shown in Fig. 15, is provided as the paper-punching device 27. 
The punching unit 81 is provided with three punching devices 33 and a driving device 82 (driving means) for driving 
these punching devices 33, and the punching devices 33 are securely fixed on the upper plate 31a of the transport 

25 guide 31 . The punching devices 33 are disposed so that their punching members 38 are aligned on a straight line that 
makes an angle (90 - 6)° with respect to the transporting direction, and so that the intervals between the adjacent 
punching members 38 and 38 (that is. the punching blades 38a and 38b) in the direction orthogonal to the transporting 
direction are set to a constant value x [mm]. Further, the driving device 82 drives the respective punching devices 33 
individually by using three driving devices 36, not shown. . Here, the punching devices 33 are driven by a single driving 

30 circuit 62, and are not driven at the same time. Therefore, they are driven in a sequential manner from the punching 
device 33(a) through the punching device 33(p) to the punching device 33(y) with predetermined time-intervals. 
[0108] In the punching unit 81 that is arranged as described above, a sheet of paper P, which is being transported, is 
first subjected to a punching operation by the punching device 33(a). next subjected to a punching operation by the 
punching device 33(p), and then subjected to a punching operation by the punching device 33(y). Thus, the sheet of 

35 paper P has punch holes H that are aligned in a straight line as shown in Fig. 16. 

[0109] Here, supposing that the adjacent punching devices 33 are successively driven with a time-interval of T [sec] 
at a transporting speed of V [mm/sec], the relationship indicated by the following equation has to be satisfied in order 
that the punch holes H. formed by the punching devices 33, are aligned in a straight line along the rear side on the sheet 
of paper P under these conditions. Therefore, the driving circuit 62 is arranged to drive the punching devices 33 based 

40 on the following relationship. 

tane = V • T/x (2) 

[01 1 0] More specifically, supposing that T = 50/1 000 [sec], V = 300 [mm/sec], and x = 1 08 [mm] (corresponding to the 
45 U.S. specification). 6 = 7.91° is obtained from the equation (2) (that is. from the equation: 
tanO = (300 x 50/1000)/108 = 0.139) . When the punching operation is carried out using this setting, three punch holes 
H corresponding to the U.S. specification are properly formed. 

[01 1 1 ] With this modified example, although it is necessary to install as many punching devices 33 and driving devices 
36 as the number of the punch holes H, it is only necessary to provide one driving circuit 62. This makes it possible to 
so simplify the construction of the control System, as well as reducing the manufacturing cost of the punching unit 81 . 

[EMBODIMENT 2] 

[01 1 2] Referring to Fig. 1 and Figs. 1 7 through 20. the following description will discuss the second embodiment use- 
55 ful for the understanding of the present invention. Here, those members that have the same functions and that are 
described in the first embodiment are indicated by the same reference numerals and the description thereof is omitted. 
[0113] The copying machine of the present embodiment is provided with a punching unit 101, shown in Fig. 17. that 
is installed in the main body 1 shown in Fig. 1 and that functions as the paper-punching device 27. This punching unit 
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101 is desired so that both the punching operation for sheets of extremely thick paper P and the high-speed punching 
operation for sheets of normal paper P are compatibly carried out. 

[0114] In the punching unit 101, the space between the punching device 33 on the transport guide 31 and the trans- 
port rollers 34 and 35 is widened in the punching unit 30 (see Fig. 3(a)), and a punching device 102 is installed in place 
5 of the punching device 33. The punching device 102 is a high-speed-use punching device for forming punch holes in 
sheets of paper ranging from normal paper to quite thick paper. The punching device 102 is constituted of a housing 
case 103. a punching member 104, a resetting spring 105, and a punching die 106. The punching member 104 is pro- 
vided with a punching blade 104a at its lower end. 

[0115] Further, although it has the virtually same functions as the punching device 33, the punching device 102 is 
io capable of forming punch holes in sheets of thick paper beyond the order of 200 g/m 2 ; this makes it quite different from 
the punching device 33. Therefore, in the punching device 102, the urging force of the resetting spring 105 is set to be 
greater than that of the resetting spring 39, and the cutting performance of the punching blade 104a is set to be higher 
than that of the punching blade 38a. if necessary. 

[0116] In addition to the aforementioned arrangement, the punching device 102 is provided with an eccentric cam 
15 107. The eccentric cam 107, which has a disc shape, is driven by a motor 113 (see Fig. 18), centered on a rotation axis 
107a that is located at an eccentric position. The motor 1 13 will be described later. Here, the eccentric cam 107 is 
arranged so that the circumferential edge that is closest to the rotation axis 107a stays in contact with the top of the 
punching meter 104 that is urged to the stand-by station by the resetting spring 105. The eccentric cam 107 makes the 
eccentric rotation with its circumferential edge always contacting the top of the punching member 104. thereby allowing 
20 the punching member 104 to move up and down 

[0117] Additionally, both the punching devices 33 and 102 have the same positions of punch holes on the sheet of 
paper P. 

[0118] The following description will discuss an outline of a control system for driving the punching devices 33 and 
102. 

25 [0119] As shown in Fig. 18, in this control system, a detection signal from the photosensor. 32 is inputted to a timer 
108. The timer 108. upon receipt of the detection signal, starts time-counting, and after counting a predetermined 
period of time, releases a time-counting completion signal to a driving circuit 112. 

[0120] The timer 108 provides different time-counting periods depending on the operations of the punching device 33 
and the punching device 102. The first time-counting period used for operating the punching device 102 is set to be 
30 longer than the second time-counting period used lor operating the punching device 33: This is because the station of 
the punching device 102 is farther from the photosensor 32. compared with the punching device 33. Here, a CPU 109 
makes a selection as to which time-counting period is used m the timer 108. 

[0121] The CPU 109 instructs the timer 108 to time-count for the first time-counting period when the thick-paper mode 
is specified, when paper is fed from the manual feeding tray 24, or when the cover mode, or the insert mode is specified. 

35 When the thick-paper mode is not on. the CPU 1 09 instructs the timer 1 08 to time-count for the second time-counting 
period. The above-mentioned modes are specified by the user through the operation section 90, and the selected 
modes are stored in a RAM 1 1 1 as mode information. The mode information is called tot by the CPU 109, if necessary. 
[0122] A driving circuit 1 12 is a circuit for driving the pie-zoeJectnc element 53 and the motor 113, In other words, the 
driving circuit 112, upon receipt of the time-counting completion signal for the first time-counting period from the timer 

40 108, releases a voltage to the motor 1 13 Further, the driving circuit 1 12, upon receipt of the time-counting completion 
signal for the second time-counting period from the timer 108, releases a voltage to the piezoelectric element 53. 
[0123] Moreover, in the present punching unit 101. when the thick-paper mode is on, the CPU 109 temporarily stops 
the rotation of the transport rollers 34 and 35 while the punching device 102 is operated. In contrast, when the thick- 
paper mode is not on, the punching operation is earned out with the transport rollers 34 and 35 rotating, in the same 

45 manner as the first embodiment. 

[0124] In the punching unit 101 that has the above-mentioned arrangement, the photosensor 32 detects the rear edge 
of sheets of paper P. In the case of using thick paper as the paper R rf the thick-paper mode has been specified by the 
user through the operation section 90 prior to the copying operation, the driving circuit 1 12 supplies the voltage to the 
motor 1 13 after the timer 108 has time-counted fa a predetermined period. Thus, the motor 113 rotates, allowing the 

so punching device 102 to be driven. 

[0125J At this time, since the paired transport rollers 34 and 35 are stopped, punch holes are formed while the sheet 
of paper P is stopped. During the punching operation, the eccentric cam 1 07 is driven by the motor 1 1 3 to make a 180°- 
rotation, and the resulting force causes the punching member 38 to move down'and let the punching blade 38a to stick 
through the sheet of paper P. When the eccentric cam 107 makes another 180° -rotation, the force from the eccentric 

55 cam 107 is released, and the punching member 104 is urged upward by the resetting spring 105. thereby completing 
the punching operation. Thereafter, the transport rollers 34 and 35 are rotated again, and the sheet of paper P is dis- 
charged. 

[0126] Referring to the flow chart of Fig. 19, the following description will discuss the operation of the copying machine 
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of the present embodiment. 

[01 27] First, a judgement is made as to whether or not the punch mode has been specified (S1 1 ). If the punch mode 
has been specified, a judgement is made as to whether or not the thick-paper mode has been specified (S12). If the 
thick-paper mode is not on, a judgement is further made as to whether or not the feeding from the manual feeding tray 

£ has been specified (S1 3). If the feeding from the manual feeding tray is not specified, a judgement is successively made 
as to whether or not the cover mode has been specified (Si 4). Since the kind of sheets of paper P to be set on the man- 
ual paper tray 24 is not clearly identified, the step SI 4 is prepared, assuming that thick paper is set thereon. 
[0128] If the cover mode is not specified, a judgement is made as to whether or not the insert mode is specified (S15). 
If the cover mode or the insert mode has been specified, a judgement is made as to whether or not it is possible to feed 

io sheets of paper from either the feeding cassette 22 or 34 wherein the cover-use paper P or the insert-use paper P is 
provided (S16). 

[0129] If the cover-use paper P or the insert-use paper P is available, the copying operation is carried out (S1 7). After 
completion of the copying operation, the punching operation of the temporarily stopping type for thick paper is carried 
out by the punching device 102 (S18), and when the sheet of paper P is discharged (S19), all the operations are corn- 
is pleted. 

[0130] In contrast, if the punch mode is not on at S1 1. the copying operation is carried out. as it is (S20), and the 
sequence proceeds to S1 9. Here, if the thick-paper mode is selected at S12, and if the feeding is made from the manual 
feeding tray 24 at S13, the sequence proceeds to S17. Further, if the insert mode is not on at S15, or if the cover-use 
paper P or the insert-use paper P is not fed at S16, the copying operation is carried out (S21). After completion of the 
20 copying operation, the punching operation of the high-speed type for normal paper is carried out (S22), and the 
sequence proceeds to S1 9. 

[0131] As described above, in the punching unit 101 of the present embodiment, the piezoelectric element is adopted 
as the power source for the punching device 33 for normal-paper use, and the motor 113 is adopted as the power 
source for the punching device 1 02 for thick-paper use. This arrangement, which uses the punching devices 33 and 1 02 
25 separately depending on the thickness of the sheet of paper P, makes it possible to form punch holes through sheets of 
thick paper used in the insert mode, cover mode and other modes that weighs not less than 200 gym 2 . Moreover, when 
the punching operation is carried out on sheets of normal paper, the punching device 33 provides a high-speed punch- 
ing operation and makes it possible to lower the frequency of occurrence of damage to the sheets of paper P. in the 
same manner as described in the first embodiment. 

30 

[MODIFIED EXAMPLE] 

[0132] In the copying machine of the present modified example, a paper-stand-by section 121 , shown in Fig. 20, is 
provided inside the main body shown in Fig. 1 . 
35 [01 33] The paper-stand-by section 121, which is located between the register rollers 21 and the transport rollers 25, 
is constituted of a lower plate 122, upper plates 123 and 124, and a pressure sensor 125. 

[01 34] The lower plate 1 22 is disposed on the lower side of the transport path of sheets of paper P so as to guide the 
sheets of paper P. The upper plate 123 is disposed in a tilted manner so that its one end is located in the vicinity of the 
mid-point between the register rollers 21 while the other end is located at a position slightly higher than the former end. 
40 The upper plate 124, on the other hand, is disposed in a tilted manner so that its one end is located in the vicinity of the 
mid-point between the transport rollers 25 while the other end is located at a position slightly higher than the former end. 
In other words, the upper plates 123 and 124 form guiding plates that are raised upward at the mid-point between the 
register rollers 21 and the transport rollers 25. 

[0135] The pressure sensor 125 is installed in the space between the upper plate 123 and the upper plate 124. The 
45 pressure sensor 1 25 is a semiconductor element (piezo element) which is capable of making an analog-type detection 
of pressure (force) that is applied upon the surface thereof. As to the pressure sensor 125, for example, the semicon- 
ductor pressure transducer P-8100 manufactured by Copal Electronics Corp. is preferably used. 
[01 36] The pressure sensor 1 25, which is disposed at the position as described above, is thus arranged so that, when 
a sheet of paper P, transported by the transport rollers 25, is blocked by the register rollers 21 and is warped upward, it 
so detects the pressing force of the warped portion of the sheet of paper P. In other words, the pressure sensor 1 25 detects 
the pressing force as the stiffness of the sheet of paper P. 

[01 37] In the present copying machine, the CPU 1 09 makes a judgement as to whether the sheet of paper P in ques- 
tion is thick paper or normal paper in accordance with the detection output from the pressure sensor 125, and supplies 
the result of the judgement to the timer 1 08. In other words, if the sheet or paper P is thick paper, the CPU 1 09 instructs 
55 the timer 1 08 to time-count for the first time-counting period. If the sheet of paper 1 08 is normal paper, the CPU 109 
instructs the timer 108 to time-count for the second time-counting period. That is, in the present modified example, the 
result of the judgement, which is made as to whether or not the sheet of paper is thick paper, is utilized in place of the 
thick-paper mode that has to be specified by the user. 
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[01 38] In the copying machine having the arrangement as described above, prior to the transferring process of a toner 
image famed on the photoreceptor 13, the sheet of paper P h; blocked by the register rollers 21 at its leading edge, and 
since it is still transported by the transport rollers 25 by a predetermined amount, the sheet of paper P is stopped with 
a warp having a predetermined size. This arrangement makes it possible to eliminate any skew in the sheet of paper at 

5 its leading edge, thereby providing a proper orientation of the paper. At this time, the pressure sensor 125, which is 
pressed by the warped paper P, detects the pressure, thereby releasing a detection signal. In accordance wfth the 
detection signal, a judgement is made as to whether or not the sheet of paper is thick paper or normal paper. 
[0139] Thereafter, the register rollers 21 rotate in synchronism with the optical system 4, shown in Fig. 1, and the 
sheet of paper P is supplied to the photoreceptor 1 3 through the transport guide 1 26. The sheet of paper P, upon com- 

10 pletion of the copying operation after having been subjected to the predetermined processes such as transferring proc- 
ess, is transported to the punching unit 101, shown in Fig. 17. The sheet of paper P, if judged as thick paper, is 
subjected to the punching operation in the punching device 102, and if judged as normal paper, is subjected to the 
punching operation in the punching device 33. 

[0140] As described above, in the present modified example, the punching devices 33 and 102 are separately used 
75 depending on the judgements that are made by utilizing the detection output of the pressure sensor 125 as to whether 
or not the sheet of paper in question is thick paper. Therefore, it is not necessary for the user to set the thick-paper 
mode. 

[EMBODIMENT 3] 

20 

[0141] Referring to Fig. 1 and Figs. 21 through 24, the following description will discuss the third embodiment useful 
for the understanding of the present invention. Here, those members that have the same functions and that are 
described in the first and second embodiments are indicated by the same reference numerals and the description 
thereof is omitted. 

25 [0142] In addition to the copying machine having the arrangement described in the first embodiment, the copying 
machine of the present embodiment, which has the arrangement shown in Fig. 1 , is further provided with a controlling 
function for improving the reliability of the punching operation. Moreover, the present copying machine has a punching 
unit 151 , shown in Fig. 21 , as the punching device 27. 

[0143] Although the punching unit 151 has virtually the same functions as the punching device 33 (see Fig. 3) of the 
30 first embodiment, it is provided with a punching device 1 52 in place of the punching device 33. The punching device 1 52 
is constituted of a housing case 153, a punching member 38, a resetting spring 39, a punching die 40, and a photosen- 
sor^. 

[0144] The housing case 1 53 is provided with a passage hole 1 53a that penetrates from the upper side of the upper 
plate 31a to the inside of the transport guide 31. The passage hole 153a is a through hole that penetrates from a con- 
35 necting portion between the cuter wall of the housing case 153 and the flat portion that is fixed to the upper plate 31a 
to the vicinity of a passage aperture 153b. The central axis of the passage hole 153a passes through the tube section 
40a of the punching die 40. 

[0145] The photosensor 154 is an optical sensor of the transmission type having an light-emitting section 154a and a 
light-receiving section 1 54b. The light-emitting section 1 54a is located at the proximity of the opening on the upper side 
40 of the passage hole 153a. The light-receiving section 154b, on the other hand, is disposed so as to face the light-emit- 
ting section 154a through the passage hole 153a and the tube section 40a. With this arrangement, the light-receiving 
section 154b receives light emitted by the light-emitting section 154a when there is no paper P in the proximity of a pas- 
sage aperture 153b inside the transport guide 31. Thus, the photosensor 1 54 functions as a paper-detection means. 
[0146] As shown in Fig. 22, in a control system for driving the punching device 1 52, the detection signal from the pho- 
45 tosensor 154 is supplied to a CPU 155 for controlling the operations of the present copying machine. The CPU 155, 
upon functioning as an idle-driving control means, makes a judgement as to the presence or absence of the sheet of 
paper P in accordance with the detection signal. If the judgement shows that there is no paper P inside the transport 
guide 31 , the CPU 1 55 controls the driving circuit 62 so as to drive the piezoelectric element 53. In contrast, it the judge- 
ment shows that there is paper P inside the transport guide 31 , the CPU 1 55 sends a message for warning the occur- 
so rence of a paper jam to the display panel 92 on the operation section 90. 

[0147] Referring to the flow chart of Fig. 23. the following description will discuss the operation of the copying machine 
that is provided with the punching unit 151 having the above-mentioned arrangement. 

[0148] When the power switch, not shown, on the operation section of the main body 1 is turned on (S21), the warm- 
up process is first carried out in the main body 1 , prior to the copying operation (S22). During the warm-up process, the 
55 photosensor 154 carries out a detection to find any paper jam inside the punching unit 151 (S23). If a paper jam occurs, 
the sheet of paper P blocks light emitted from the light-emitting section 154a, such that the light-receiving section 154b 
is not allowed to receive the light and to release the light-receipt signal. In contrast, if the sheet of paper is transported 
normally after the punching operation, the light from the light-emitting section 154a is received by the light-receiving 
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section 154b, thereby allowing the light-receiving section to release the light-receipt signal. 
[0149] Next, the CPU 155 confirms the occurrence of paper jam in accordance with the cutout from the photosensor 
1 54 (S24). If there is no paper jam, the punching member 38 is driven one time to execute an up-and-down movement 
with no sheet of paper P (S25). Prior to this process, the CPU has supplied a voltage to the piezoelectric element 53 

5 during the warm-up process, and the piezoelectric element 53 thus makes an electrical discharge at S25, thereby allow- 
ing the punching member 38 to execute the up-and-down movement once. If the piezoelectric element 53 is left with 
static electricity accumulated therein, that is. rf the electrical discharge is not made, the punching member 38 will be 
kept at the lowered state and block the sheet of paper P inside the transport guide 31 . In contrast, this arrangement, 
which allows the punching device 38 to make the up-and-down movement at S25, makes it possible to return the punch- 

70 ing member 38 to the stand-by station, thereby preventing the occurrence of paper jams. 

[0150] Thereafter, the warm-up process is completed (S26), and the display panel 92 on the operation section 90 
shows that the copying operation is now available (S27). thereby completing the sequence of processes that is neces- 
sary prior to the copying operation. In contrast, in the event of a paper jam at S24, the display shows a warning mes- 
sage on the display panel 92 (S28), and the step S24 is repeated again. Here, at S28 a decision is made to inhibit the 

is copying operation and to display the warning message. 

[01 51 ] In the present embodiment, the arrangement as described above makes it possible to prevent jams of sheets 
of copy paper P in the punching unit 151 as well as preventing various troubles such as damages to the punching blade 
38a. 

[0152] Additionally, the preventive and monitoring methods for paper jams by the use of the above-mentioned 
20 arrangement further ensure a more stable operation of the punching unit 151 if they are adopted, on demand, before 
and after the copying operation or between the punching operations that are successively carried out. 

[MODIFIED EXAMPLE] 

25 [01 53] The following description will discuss a modified example of the present embodiment. 

[0154] In the above-mentioned embodiment, the photosensor 154 is used for detecting paper jams: whereas in this 
modified example, the photosensor 154 is used for judging whether or not a punching operation in question has been 
properly carried out. In accordance with the modified example, rf light passes through a punch hole immediately after 
the punching operation, the judgement is made that the punching operation has been properly carried out. In contrast, 

30 if light is not allowed to pass, the judgement is made that the punching operation has not been properly carried out. In 
the present modified example, the CPU 1 55 makes the above-mentioned judgements, and it makes the punching mem- 
ber 38 repeat the operation (at least once) if the judgement is made that the punching operation has not been property 
carried out. 

[01 55] However, the present modified example is only applied to the arrangement where the entire portion or a punch- 
es ing portion of a sheet of paper P is positively stopped during the punching operation (for example, the arrangement of 
the punching unit 101 described in the second embodiment); it is not applied to the arrangement where the punching 
operation is carried out with the sheet of paper P being transported. Therefore, in order to adopt the present modified 
example, it is necessary to stop the transport rollers 34 and 35 temporarily during the punching operation. 
[0156] Referring to the flow chart of Fig. 24, the following description will discuss the operation of the copying machine 
40 in accordance with the present modified example. 

[0157] First, a copying operation is started (S31). and a sheet of paper P is stopped in the punching unit 151 (S32). 
where a punching operation is carried out (S33). Next, the photosensor 154 makes a detection as to the completion of 
the punching operation (S34). and if the punching operation has been completed, the transportation is resumed (S35). 
thereby allowing the sheet of paper P to be discharged (S36). If the punching operation has not been completed at S35, 
45 the sequence proceeds to S33. 

[01 58] As described above, in the present modified example, if the punching operation has not been carried out prop- 
erly, the punching operation is executed again; this makes it possible to prevent erroneous punching processes and 
improper punching processes. 

50 [EMBODIMENT 4] 

[0159] Referring to Figs. 1 and 2 as well as Figs. 25 through 54. the following description will discuss the fourth 
embodiment of the present invention. Here, those members that have the same functions and that are described in the 
first through third embodiments are indicated by the same reference numerals and the description thereof is omitted. 
55 [01 60] The copying machine of the present embodiment is provided with a shifting-type punching device 1 61 as the 
paper-punching device 27 of Fig. 1 . The following description will discuss the arrangement of the shifting-type punching 
device 161 in detail. 

[0161 ] As illustrated in Fig. 25. the shifting-type punching device 161 is constituted of: a photosensor 32. a punching 
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unit 162, a punching-device shifting mechanism (shifting means) 163, a sheetrside-edge sensor 164, a home^position 
sensor 165, and a return-position sensor 166. The shifting-type punching device 161 is further provided with: a trans- 
port guide 167 (transport path) and transport rollers 168 and 169 (transporting means), shown in Fig. 26. as well as a 
punch-scraps collecting device 1 70 shown in Rg. 28. 
5 [0162] The transport guide 1 67 has two plates, an upper plate 167a and a lower plate 167b, that are disposed at upper 
and lower positions in parallel with each other so as to regulate the dislocation of a sheet of paper P in the longitudinal 
direction. The transport guide 167 is provided with an opening 167c that extends in the width-wise direction, and the 
punching unit 1 62 is arranged so as to be freely shifted at the opening 1 67c. 

[0163] The transport rollers 168 and 169, which are pairs of driving and driven rollers respectively, are disposed at 
io the opening attached to the transport guide 167. The transport roller 168 is located on the upstream side from the 
punching unit 162, and the transport roller 169 is located on the downstream side therefrom (the staple-sorter 29 side) 
. These transport rollers 1 68 and 1 69 are driven by a motor, not shown, at the number of revolution making a peripheral 
speed ol V. Thus, the sheet of paper P, transported from the upstream side, is transported to the downstream side at 
the transporting speed of V. 

75 [0164] The photosensor 32 is disposed at an opening, not shown, that is located on the upstream side of the punching 
unit 162, that is, on the downstream side of the transport rollers 168 in the transport guide 167. The photosensor 32 is 
designed to release an ON signal during a period of time from the detection of the leading edge of the sheet of paper 
P that is passing through the transport guide 167 until the detection of the rear edge thereof. 

[0165] The sheet-side-edge sensor 164 is installed on the advancing side of the punching unit 162. This sheet-side- 
20 edge sensor 164 is designed to release an ON signal during a period of time from the detection of the starting-side- 
edge of the sheet of paper P that is passing through the transport guide 167 until the detection of the returning-side- 
edge thereof, that is, the opposite side, while the punching unit 162 is advancing. 

[01 66] The home-position sensor 1 65 is installed at a position outside the maximum width of the sheet of paper P on 
the starting side of the punching unit 1 62. This home-position sensor 1 65 is designed to release an ON signal when the 
25 punching unit 1 62 is located at the home position that corresponds to a starting position. 

[0167] The return-position sensor 166 is installed at a position outside the maximun width of the sheet of paper P on 
the returning side of the punching unit 162. This return-position sensor 166 is designed to release an ON signal when 
the punching unit 162 reaches the return position. 

[0168] The punching-device shifting mechanism 163, which functions as a shifting means, is constituted of pulleys 
30 170 and 171, a belt 172, and a driving motor 173. The belt 172 is wound around the pulley 170, to which the driving 
force of the driving motor 1 73 is transmitted, and the pulley 1 71 that is freely rotatable, and the upstream portion of the 
punching unit 1 62 is fixed to the belt 1 72. These pulleys 1 70 and 1 71 are arranged so that the belt 1 72 moves in a direc- 
tion that makes an angle of (90 - e)° with respect to the transporting direction of the sheet of paper P. Thus, the punching 
unit 162, fixed to the belt 172, is allowed to move in the direction that makes the angle of (90 - 6)° in accordance with 
35 the movement of the belt 172. This angle e is a setting angle of the punching unit 162, and its setting method will be 
described later. 

[0169] Further, the driving motor 173 is capable of rotating forward and backward. As the driving motor 173 rotates 
forward, the punching unit 162 is shifted in the advancing direction, and as the driving motor 173 rotates backward, the 
punching unit 162 is shifted in the retreating direction. 

40 [01 70] As illustrated in Fig. 27, the punching unit 162 is constituted of a punching device 33, a driving device 36, a 
paper guide 175 consisting of an upper plate 175a and a lower plate 175b, and a case section 176 for housing these 
punching device 33, driving device 36 and paper guide 175. The punching device 33 and the driving device 36 for driv- 
ing the punching device 33 constitute a punching machine 177. Here, Fig. 27 is a cross-sectional view when seen from 
the upstream side in the paper-transporting direction. 

45 [0171] The punching device 33 is provided with a punching member 38, a housing case 37, a resetting spring 39, and 
a punching die 40. The through hole 37b of the housing case 37 coincides with an opening 175c that is provided in the 
upper plate 175a. 

[0172] The punching die 40, which is attached to the lower plate 175b, is fitted to an opening 175d that is provided in 
the lower plate 175b so as to face the opening 175c. With this arrangement, when the punching member 38 is shifted 

so downward, the punching blade 38a reaches the inside of a tube section 40a. 

[0173] The driving device 36 is constituted of a support member 51 , a pressing bar 52, a piezoelectric element 53, 
and a distortion-enlarging mechanism 54. In the driving device 36, a dimensional distortion exerted on the piezoelectric 
element 53 is enlarged by the distortion-enlarging mechanism 54, and is transmitted to the pressing bar 52, thereby 
allowing the punching member 38 to be depressed downward. 

55 [0174] As illustrated in Figs. 28(a) and 28(b), the punch-scraps collecting device 170. which is constituted of a punch- 
scraps receiving section 181 , a punch-scraps storing case 182, and a punch-scraps collecting member 183, is disposed 
on the lower side of the shifting-type punching device 1 61 so as to be suitable for the shifting range of the punching unit 
162. 
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[0175] The punch-scraps receiving section 1 81 is disposed in parallel with the shifting direction of the punching unit 
162, and is arranged to receive punch scraps ejected from the punching unit 162. The punch-scraps storing case 182 
is disposed on the return side of the punching unit 162 in the punch-scraps receiving section 181. The punch-scraps 
storing case 1 82 stores punch scraps accumulated inside the punch-scraps receiving section 181. 

5 [01 76] The punch-scraps collecting member 1 83 is attached to the under surface of the case 1 76 of the punching unit 
162 on the rear side of the punching unit 162 in such a manner that its tip portion contacts the bottom surface of the 
punch-scraps receiving section 181. Thus, the punch-scraps collecting meter 183 carries punch scraps accumulated 
inside the punch-scraps receiving section 181 into the punch-scraps storing case 182 as the punching unit 162 shifts 
in its advancing direction. Further, in order to wipe punch scraps accumulated at the corners inside the punch-scraps 

w receiving section 181, the tip portion is allowed to contact the wall on the starting side in the punch-scraps receiving 
section 181 when the punching unit 162 is in the stand-by state at its home position. 

[0177] The punch-scraps receiving section 181 is constituted of a horizontal portion 181a that is formed into a hori- 
zontal shape from the end on the home-position side to a position slightly before the position of the punch-scraps col- 
lecting member 183 at which the punching unit 162 carries out the punching operation at the farthest operative position 

is 1 84, that is, at the farthest punching position from the home position, and a slope portion 1 81 b that starts from the end 
of the horizontal section 181a and ends slightly before the punch-scraps storing case 182. This slope portion 181b 
allows punch scraps to fall into the punch-scraps storing case 182 by gravity. In addition, the present embodiment is 
provided with a vtorator, not shown, for applying vibration to the slope portion 181b so that the vibration and the slope 
ensure that punch scraps be carried into the punch-scraps storing case 182, even it the punch-scraps collecting mem- 

20 ber 1 83 is not allowed to reach the entrance of the punch-scraps storing case 1 82. This arrangement shortens the shift- 
ing range of the punching unit 162 to a range from the home position to the farthest operative position 184; this makes 
it possible to shorten the operation time that is required for carrying punch scraps into the punch-scraps storing case 
182, compared with the arrangement wherein the punching unit 162 reaches the entrance of the punch-scraps storing 
case 182. 

25 [0178] in addition, the slope section 181b is formed into a V shape as shown in Fig. 29(a) that is a cross-sectional 
view taken along the line B-B in Fig. 28(a). This shape further allows round punch scraps to easily roll along the slope 
without being stuck on the way. Moreover, the vibration applied to the slope portion 1 81 b makes it possible to effectively 
carry punch scraps into the punch-scraps storing case 182. even in the case when it is difficult to provide a large tilt 
angle of the slope portion 181b. 

30 [0179] Furthermore, as shown in Fig. 29(b) that is a cross-sectional view taken along the line C-C in Fig. 28, on the 
bottom of the horizontal portion 181a of the punch-scraps receiving section 181, a plurality of raised portions 181a' are 
formed with their lengthwise direction in parallel with the transporting direction of punch scraps. These raised portions 
181a' minimize contact resistance between punch scraps and the bottom surface of the punch-scraps receiving section 
1 81 , thereby allowing punch scraps to be easily carried into the punch-scraps storing case 1 82. 

35 [0180] The following description will discuss an outline of a control system for driving the shifting-type punching device 
161. 

[0181] As illustrated in Fig. 30, the control system is provided with a controller (control means, decision means) 191 
consisting of a CPU (Central Processing Unit). To this controller 1 91 /are connected the photosensor 32, the sheet-side- 
edge sensor 1 64. the home-position sensor 1 65, the return-position sensor 1 66, and the paper-size sensor 1 92 that is 

40 provided in the feeding section on the apparatus main body 1 side (see Fig. 1). Thus, detection signals from the respec- 
tive sensors are inputted to the controller 191. The controller 191 is also connected to the apparatus main body 1, and 
various signals, such as those indicating whether or not a sheet ol paper is transported, whether or not the punching 
operation is carried out on the transported sheet of paper (that is. whether or not the punching mode is on), and where 
and how many punch holes are made, are inputted thereto. 

45 [0182] Moreover, to the controller 191 are also connected a timer section 193 for providing operative synchronization 
upon controlling the driving operation of the shifting-type punching device 161, which will be described later, and a 
counter section 194 for counting the number of punching operations. Furthermore, to the controller 191 are also con- 
nected the driving motor 1 73 through a driving circuit 195 and the piezoelectric element 53 through a driving circuit 62. 
[0183] The following description will discuss the operation of the shifting-type punching device 161. Referring to the 

so flow chart of Fig. 32 and the timing chart of Fig. 31 . as well as referring to Figs. 25, 2, 30, and Figs. 33 through 36, an 
explanation is first given on a case where a punching operation is carried out on the rear-edge side of a sheet of paper 
P along its edge. 

[0184] When the punching operation is carried out on the rear-edge side of the sheet of paper P along its edge, the 
driving motor 173 is controlled on its number of rotation, and thereby the punching unit 162 is shifted by the punching- 
55 device shifting mechanism 163 at a shifting speed of V P The shifting speed. V p which is determined to provide a suit- 
able punching operation for the sheet of paper P that is being transported at a transporting speed of V through the trans- 
port guide 167, is calculated from the following equation by using the transporting speed V of the sheet of paper P and 
the aforementioned setting angle e. 
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V p = V/sine > (3) 

[0185] First/the user turns oh the punch key 91 on the operation section 90 shown in Fig. 2, and then inputs a desired 
number of punch holes and desired positions for the respective punch holes by using the ten keys 94 and other keys 

5 (S41). At this time, upon turning on the punch key 91 of the operation section 90, predetermined messages are dis- 
played on the display panel 92, and the user is able to input the desired number of punch holes and desired positions 
for the respective punch holes in accordance with the messages. As illustrated in Fig. 25, the positions for the punch 
holes are inputted as points in the X and Y coordinates: X-axis (+) represents the transporting direction of the sheet of 
paper P; Y-axis (+) represents the direction orthogonal to the transporting direction of the sheet of paper P; and one of 

10 the four Corners of the sheet of paper R indicated by point O in Fig. 25, is inputted as the origin. Here, supposing that 
the first punch hole A and the second punch hole B are formed, the number of punch holes N ■ 2, the position of the 
first punch hole A (X 1t Y,), and the position of the second punch hole B (X 1t Y2) are inputted. In other words, the posi- 
tion of the first punch hole A is represented by the distance X^ from the rear edge of the sheet of paper and the distance 
Y, from the edge on the starting side, and the position of the second punch hole B is represented by the distance X^ 

15 from the rear edge of the sheet of paper and the distance Y 2 from the edge on the starting side. 

[0186] After completion of the input process, the user presses the print key 97. This action initiates the transporting 
process of a sheet of paper P. In this case, if the number of punch holes and the positions for the respective punch holes 
have not been inputted, the punching operation is carried out based on regular number of punch holes and their posi- 
tions, which are preset in a memory section, not shown, in accordance with the size of the sheet of paper P detected 

20 by the paper-size sensor 1 92. 

[0187] The punching unit 162 is kept in the stand-by state at the home position on the starting side shown in Fig. 25 
until its operation is started. This is detected by the ON state of the home-position sensor 165 (see Fig. 31). When the 
sheet of paper P is transported through the transport guide 167, the photosensor 32 turns on upon detection of the 
leading edge of the sheet of paper P. When the sheet of paper P is further transported to a position shown in Fig. 33, 

25 the photosensor 32 turns off upon detection of the rear edge of the sheet of paper P (see Fig. 31 , and S42 and S43 in 
Fig. 32). Triggered by this drop from ON to OFF in the signal due to the detection of the rear edge of the sheet of paper 
P, the punching unit 1 62 starts its operation. First, the timer tx1 of the timer section 193 is reset (S44), and then the start 
time T 0 of the punching unit 162 is calculated (S45). 

[0188] The start time T 0 , which corresponds to waiting time from the detection of the rear edge at the sheet of paper 
30 till the start of the punching unit 162, is calculated from the following equation, wherein as illustrated in Fig. 25, the dis- 
tance X lf from the rear edge of the first and second punch holes A and B. the installation distance X P of the photosen- 
sor 32 in the transporting direction with respect to the home position of the punching member 38, and the transporting 
speed V of the sheet of paper P are used. 



35 T 0 =(X P -X,)N (4) 

[0189] In this case, the range of X^ , that is, the range from the rear edge of the sheet of paper wherein the formation 
of punched holes is available, is given as follows: 



40 X MIN <X 1 <X 



p 



The value X MIN is determined so that it provides a range which ensures suitable punched holes with a predetermined 
radius R + a (error) and a proper filing process of sheets of paper P without causing any rupture or other problems. For 
example, in the case of punched holes with the radius R = 3 mm, it is commonly determined to 5 to 10 mm. 

45 [0190] The start time T 0 is calculated by the timer tx1 , and upon completion of the calculation of the start time T 0 
(S46), the driving motor 173 is driven to rotate forward (see Fig. 31). Thus, the punching unit 162 is shifted in the 
advancing direction (S47). At this time, its shifting speed is given as the above-mentioned shifting speed V P Further, 
the home-position sensor 165 turns off in response to the start of the punching unit 162 (see Fig. 31). 
[0191] After the start of the punching unit 162, the sheet-side-edge sensor 164 turns on when it detects the starting- 

50 side-edge of the sheet of paper P (see Fig. 31 , S48). Triggered by this rise from OFF to ON of the sheet-side-edge sen- 
sor 164, timers tyl and ty2 in the timer section 193 are respectively reset (S49). Successively, the arrival times T Y1 and 
Tys to the first and second punch holes A and B are respectively calculated (S50). 

[0192] These arrival times T Y1 and T Y 2 are calculated from the following equations, wherein the following factors, 
shown in Fig. 25 or Fig. 33. are used: the installation distance Y s of the paper sensor 164 in the direction orthogonal to 
55 the transporting direction with respect to the home position of the punching member 38, the distances Yj and Y 2 from 
the starting-side-end of the first and second punch holes A and B, and one component V Y of the speed of the punching 
unit 1 62 in the direction orthogonal to the transporting direction. 
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T V1 = (Y 1+ Y S )/V Y (5) 

T Y? = (Y ?+ .Y S )/V Y (6) 

; V Y = V/tano (7) 

[0193] These arrival times T Y i and T Y2 are respectively calculated by the timers ty1 and ty2. Upon completion of the 
calculation of the arrival time T Y1 to the first punch hole A conducted by the timer ty1 (S51), the driving circuit 62 is 
turned on, and voltage is applied to the piezoelectric element 53 (See Fig. 31. S52). Thus, as illustrated in Fig. 44, 
w simultaneously as the punching unit 1 62 reaches a taming position for the first punch hole A, the punching member 38 
is driven so that the first punch hole A is formed in the sheet of paper p. 

[0194] Successively, upon completion of the calculation of the arnval time T Y2 to the second punch hole B conducted 
by the timer ty2 (S53). the driving circuit 62 is turned on. and voltage is applied to the piezoelectric element 53 (See Fig. 
31 , S54). Thus, as illustrated in Fig. 35. simultaneously as the punching unit 162 reaches a forming position for the see- 
rs ond punch hole B. the punching member 38 is dnven &o that the second punch hole B is formed in the sheet of paper P. 
[0195] After the second punch hole B. which is the last punch hole, has been formed, the punch counter in the counter 
section 194, shown in Fig. 30. counts up the count value (555) Then., a judgement is made as to whether the count 
value has reached the predetermined number of times 2 that has been predeterminately set (S56), and if it has been 
reached, the punching unit 162 is shifted to the return position at which the return-position sensor 166 turns on (S57). 
20 Consequently, the punch-scraps collecting member 183. attached to the punching unit 162. reaches the slope portion 
1 81 b of the punch-scraps receiving section 181 in such a manner that punch scraps that have been transported by the 
punch-scraps collecting member 1 83 are collected into the punch-scraps storing case 1 82. 

[0196] Thereafter, the punch counter in the counter section 194 is reset (S58), and the driving motor 173 is driven 
backward (see Fig. 31 ). In contrast, if the count value has not reached the predetermined number of times Z at S56, the 

25 driving motor 173 is rotated backward without passing through tne steps. S57 and S58. Thus, the punching unit 162 is 
stopped temporarily (S59). and is shifted in the retreating direction (S60). Thereafter, the punching unit 162 returns to 
the starting position, and upon the detection of this, the home-position sensor 1 65 turns on (see Fig. 31 , S61 ). The turn- 
ing on of the home-position sensor 165 allows the driving motor 173 to stop. Thus, the punching unit 162 is stopped 
(S62). thereby completing the sequence of processes and entering the stand-by mode until the next sheet of paper is 

30 detected by the photosensor 32. 

[0197] In the above-mentioned operations of the shifting- type punching device 161, it is possible to form desired 
number of punch holes at desired positions with respect to a sheet of paper P that is being transported at the transport- 
ing speed V, as long as they are located within an area K indicated by slanting lines in Fig. 33. The area K covers a 
range from X MIN to X P in the transporting direction of the sheet of paper P and a range from the side edge of the sheet 

35 of paper P to the inside of Y MIN in the direction orthogonal to the transporting direction of the sheet of paper P. As with 
the aforementioned X MM . the value Y MIN is determined so that it provides a distance which ensures suitable punched 
holes and a proper filing process of sheets of paper without causing any rupture. 

[0198] With this arrangement wherein the photosensor 32 aetects the rear edge of a sheet of paper and the punching 
unit 162 is shifted in accordance with the detection signal so as to activate the punching member 38, it is possible to 

ao form punch holes with a constant distance from the rear edge of the sheet of paper P independent of the length of the 
sheet of paper P. Further, after the detection of the starting -srte- edge of the sheet of paper P that is made by the sheet- 
side-edge sensor 164, the calculation is made to measure the distance from the edge to a punch hole to be formed with 
reference to the detected side edge, and at the time when the punching unit 162 has been shifted by the distance, a 
punching process is carried out. Therefore, independent of tne width of the sheet of paper P, punch holes are always 

as formed at a plurality of positions that have a constant distance from the starting -side-edge that is parallel to the trans- 
porting direction of the sheet of paper P. 

[0199] As a result, even if a plurality of sheets of paper are transported with disparities in the direction orthogonal to 
the transporting direction, it is possible to form punch holes at the same positions as long as the sheets of paper have 
the same size. 

so [0200] Additionally, in the above-mentioned operations, the punch holes are formed at the positions Yj and Y 2 apart 
from the starting-side-edge of the sheet of paper P Here, in general, positions at which punch holes are formed are 
located the same intervals, a mm. apart from the center of the sheet of paper P; therefore, the positions. Y 1 and Y 2 , are 
determined as follows: 

[0201] The respective sizes of regular sheets of paper are predeterminately registered in a storage section, not 
55 shown, in the controller 191 of the control system, and since the paper-size sensor 1 92 of the feeding section, provided 
in the apparatus main body 1, inputs a signal to the controller 191 . it is possible for the controller 191 to preliminarily 
recognize the width of the sheet of paper P in question. 

[0202] Therefore, for example, supposing that the width H mm of regular sheets of paper is registered in the storage 
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section, \^ and Y 2 are found from the following operations by recognizing the size of a transported sheet of paper P by 
the use of the paper-size sensor 1 92. 

Y 1= H/2-a (8) 

•5 

Y 2 = H/2 + a (9) 

[0203] Moreover, in the above-mentioned operations, only when the number of punching operations has reached the 
predetermined number of times Z, the punching unit 162 is shifted to the end point of the return side, at which punch 
w scraps accumulated in the punch-scraps receiving section 181 are carried into the punch-scraps storing case 182. 
Therefore, it is not necessary to shift the punching unit 1 62 toward the punch-scraps storing case 1 82 for each punching 
operation; this make it possible to reduce burdens on the driving means, simplify the controlling system, and improve 
the operation speed. Thus, it becomes possible to apply the paper-punching device to copying machines with high- 
speed operations. 

is [0204] Additionally, in the above-mentioned arrangement, if the number of punching operations has not reached the 
predetermined number of times Z, the punching unit 162 is stopped and retreated after forming the last punch hole. 
However, another arrangement may be adopted, wherein each tune the return-position sensor 1 66 turns on, the punch- 
ing unit 162 is stopped at the corresponding position, and is retreated. This arrangement ensures that the punching unit 
1 62 returns to the home position more accurately. 

20 [0205] Next, explanations will be given on specific constructions of the device that provide more effective functions 
when the shifting-type punching device 161 is operated to form punch holes as described above. 
[0206] First, an explanation will be given on a setting method of the setting angle e of the punching unit 162. In the 
above-mentioned punching unit 162, it has been confirmed that the operation time of the punching member 38 is virtu- 
ally 1 ms. This figure is achieved by using a so-called piezoelectric actuator wherein the dimensional distortion, which 

25 is caused by piezoelectric effects of the piezoelectric element 53, is utilized as the driving source for the operation of 
the punching member 38. The piezoelectric actuator enables an extremely high-speed operation, compared with cam 
operations and solenoid-driving operations, and its response capability is in the order of us, while it is in the order of ms 
in the case of using solenoids. Although a slight delay occurs in the present embodiment due to a delay in operation in 
the mechanical section because of the distortion-enlarging mechanism 54 adopted therein, actual measurements show 

30 that the period of time required for the operation of the punching member 38 is virtually 1 ms. 

[0207] In this connection, it has been confirmed through experiments that the relative speed between the sheet of 
paper P and the punching unit 162 has a limit of 1000 mm/sec. This limit is imposed because of the following reasons: 
the tips 43a of the blade 43 are shifted in accordance with the action of the punching member 38 while making a punch 
hole, and when this distance is large, punch holes tend to be deformed, thereby causing problems such as imperfect 

35 punch holes. The speed at which such problems are raised is referred to as the limited speed V L . 

[0208] The shift distance AL that is made during the punching operation is found from the following equation wherein 
the operation tine of the punching member 38 is represented by t. 



AL = Vy x t (10) 

40 

[0209] Supposing V Y = 1000 mm/sec and t = 1 ms, AL = 1 mm holds. 

[0210] In this case, if the sheet of paper P is fixed, the resulting punch hole will have an elliptic shape shown in Fig. 

37. In Fig. 37, the portion indicated by slanting lines is an extended portion caused by the shift of the punching member 

38. Here, in an actual operation, since the extended portion is reduced by warp and other factors of the sheet of paper 
45 P, this much deformation is not made, although it depends on fixing methods of the sheet of paper P. 

[021 1] In the case of forming punch holes along the edge on the rear-edge side of the sheet of paper P, since V Y 
increases as the transporting speed V of the sheet of paper P increases and as the setting angle e decreases, as shown 
in the aforementioned equation 7, it exceeds the limited speed V L . Therefore, in order not to make V Y exceed the limited 
speed V L , the minimum setting angle 9MIN is found from the following equation in relation to the transporting speed V 
so of the sheet of paper P. 

6MIN=tan* 1 -V/V L (11) 



[021 2] In accordance with the above equation, it is preferable to set the setting angle 6 to not less than eMIN. Here, 
55 in order to minimize the space in the transporting direction, it is most preferable to set 8 equal to 0MIN. Therefore, in the 
shifting-type punching device 1 61 of the present embodiment, the setting angle 0 is set to 0MIN. 
[0213] Next/explanations will be given on a transporting method and a fixing method of sheets of paper P upon car- 
rying out the punching operation. As described before, in the shifting-type punching device 161 of the present embod- 
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iment, sheets of paper P are transported by the transport rollers 168 and 169. A sheet of paper P transported from the 
upstream side is first transported by the transport roller 1 68, and after the rear edge of the sheet of paper P has passed 
through the transport roller 168, rt is transported by only the transport roller 169. Here, the punching operation, which 
is carried out by the punching unit 162 disposed between the transport rollers 168 and 169, is initiated when the rear 

£ edge of the sheet of paper P passes through the photosensor 32. Thus, the sheet of paper P is always transported by 
only the transport roller 169 on the downstream side during the punching operation. Therefore, the rear-edge side of 
the sheet of paper P is kept at a free state without being fixed. This allows the sheet of paper P to warp easily, and this 
warp alleviates the influence of the shift distance AL during the punching operation effectively, thereby making it possi- 
ble to minimize the influence of the shift distance AL In other words, this arrangement, wherein only the transport roller 

w on the downstream side is activated during the punching operation while the sheet of paper is not fixed on the upstream 
side from the punch-hole forming position, makes it possible to alleviate the distortion of the shape of punch holes that 
is caused by the shifting-type punching operation. 

[021 4] In this case, the distance L R between the transport rollers 1 68 and 1 69 shown in Fig. 26 increases as the set- 
ting angle e increases to widen the shifting range of the punching unit 162. This might cause the distance L R to exceed 
15 the length of the sheet of paper P in question. Therefore, it is necessary to keep the setting angle 6 as small as possible, 
also from this point of view. 

[021 5] Next, referring to Figs. 2, 25, 30 and 38, as well as to the flow chart of Fig. 39, an explanation will be given on 
a case where the punching operation is carried out along the side edge on the starting side of sheets of paper P. Here, 
as to the operation in the punching unit 162 for collecting punch scraps, since the same operation that is carried out 

20 where punch holes are formed on the rear-edge side of the sheets of paper P is used, the description thereof is omitted. 
[0216] Different from the shifting speed V P in the case of carrying out the punching operation on the rear-edge side 
of the sheets of paper P, the shifting speed V P M of the punching unit 162, which is used upon carrying out the punching 
operation along the side edge on the starting side of the sheets of paper P, is settable independent of the transporting 
speed V of the sheets of paper P 

25 [021 7] First, as in the case of carrying out the punching operation on the rear-edge side of the sheets of paper R the 
user enters a desired number of punch holes and desired positions for the respective punch holes (S71). Here, as illus- 
trated in Fig. 38. the positions for the punch holes are inputted as points in the X and Y coordinates: X-axis (+) repre- 
sents the transporting direction of the sheet of paper P; Y-axis (+) represents the direction orthogonal to the transporting 
direction of the sheet of paper P; and one of the four corners of the sheet of paper P, indicated by point O' in Fig. 38, is 

30 inputted as the origin. 

[0218] Here, supposing that four punch holes are formed, the number of punch holes N = 4, the position of the first 
punch hole C (X 2 , Y 3 ), the position of the second punch hole D (X 3 . Y 3 ), the position of the third punch hole E (X 4 . Y 3 ), 
and the position of the fourth punch hole F (X 5 , Y 3 ) are inputted. In other words, the position of the first punch hole C is 
represented by the distance X 2 from the rear edge of the sheet at paper and the distance Y 3 from the edge on the start- 

35 ing side, the position of the second punch hole D is represented by the distance X 3 from the rear edge of the sheet of 
paper and the distance Y 3 from the edge on the starting side, the position of the third punch hole E is represented by 
the distance X 4 from the rear edge of the sheet of paper and the distance Y 3 from the edge on the starting side, and 
the position of the fourth punch hole F is represented by the distance X 5 from the rear edge of the sheet of paper and 
the distance Y 3 from the edge on the starting side. 

40 [0219] After completion of the setting process by the user, the width of the sheet of paper P is recognized by the 

paper-size signal sent from the paper-size sensor-192-shown-in-Rgr-3Q-thaMs-instaHed-in th e f ee d i ng s ection-in-the 

apparatus main body 1 , and P w representing a 1/2 of the paper width is calculated (S72 and S73): Then, based on the 
resulting P w , the distance Y 3 from the punch hole to the starting-side edge at the sheet of paper P and the distance Y H 
from the center of the sheet of paper P to the home position of the punching member 38, the distance AY by which the 

45 punching unit 162 is shifted is calculated (S74). Here, the distance AY is found by the following equation: 

AY=Y H -(P W -Y 3 ) (12) 

[0220] After the distance AY has been calculated in this way. the punching unit 1 62 is shifted by the distance AY (S75) . 
so In an actual operation, the driving time T Y3 of the driving motor 1 73 is calculated in order to shift the punching unit 162 
by the distance AY, and the driving motor 1 73 is driven forward for the driving time T V3 seconds to shift the punching 
unit 162. The driving time T Y3 is found by the following equations: 



55 



T Y3 = AY/V/ 



Vy'^Vp-cose 



(13) 
(14) 



[0221 ] Here, V Y " represents a velocity in the direction orthogonal to the transporting direction of the sheet of paper P 
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with respect to the shifting speed V P " of the punching unit 1 62. 

[0222] Next, when the sheet of paper P is transported through the transport guide 167 and the photosensor 32 is 
turned on (S76), the timer tx2 of the timer section 193 is reset (S77), triggered by this rise from OFF to ON of the pho- 
tosensor 32. Then, respective arrival times T^. T X3 . T X4 . and T X5 for the first punch hole C through the fourth punch 

5 hole F are calculated (S78). 

[0223] These arrival times T^. T X3 , T X4 , and T x5 represent periods of time from the detection of the leading edge of 
the sheet of paper until the respective predetermined positions on the sheet of paper P pass right under the punching 
member 38. They are found by the following equations based on the distances X 2 , X 3 , X 4 , and X 5 from the leading edge 
of the sheet of paper to the respective punch holes, the setting distance X P of the photosensor 32 in the transporting 

io direction with respect to the home position of the punching member 38, and the shifting distance AX, all of which are 
shown in Fig. 38. 

T^MAX + Xp + XjVV (15) 
15 T X 3 = (AX*X P + X 3 )/V (16) 

T X4 =(AX + X P *X 4 )/V (17) 
T X5 = (AX^X P ^X S ),V (18) 

20 

where AX is represented by: 

AX « AY -tarn* (19) 

25 [0224] The arrival times thus calculated are successively courted by the timer tx2 continuously, and when the arrival 
time to the first punch hole C has been reached and the completion of the time counting is confirmed (S79), the 
driving circuit 62 turns on, thereby supplying a current to the piezoelectric element 53 (S80). Thus, at the time when the 
position for the first punch hole C. shown in Fig. 38. has arrived right under the punching member 38 of the punching 
unit 162, the punching member 38 is depressed, thereby forming the frst punch hole C through the sheet of paper P. 

30 [0225] Successively, when the timer tx2 has completed its tine counting for the arrival time T X3 to the second punch 
hole D (S81). the driving circuit 62 turns on. thereby supplying a current to the piezoelectric element 53 (S82). Thus, at 
the time when the position for the second punch hole D, shown in Fig 38. has arrived right under the punching member 
38 of the punching unit 162, the punching member 38 is depressed thereby forming the second punch hole D through 
the sheet of paper R 

35 [0226] In the same manner as described above, upon completion of the tine counting far the respective arrival times 
T X4 and T X5 for the third and fourth punch holes E and F at S83 and S85. the piezoelectric element 53 is activated (S84 
and S86). At the times when the positions for the third punch hole O and the fourth punch hole F, shown in Fig. 38, have 
respectively arrived right under the punching member 38 ol the punching unit 162, the punching member 38 is 
depressed, thereby forming the third punch hole E and the fourth punch hole F through the sheet of paper P. 

40 [0227] The respective punch holes are formed in this manner, and when the photosensor 32 turns off (S87) upon the 
detection of the rear edge of the sheet of paper, the driving motor 1 73 is driven to rotate backward, and the punching 
unit 162 is shifted in the retreating direction (S88). Then, the punching unit 162 is returned to the starting position, the 
home-position sensor 165 is turned on again (S89), and the punching unit 162 is stopped (S90), thereby completing the 
sequence of processes. Thereafter, the sequence enters the stand-by mode until the next sheet of paper is detected by 

45 the photosensor 32. ■ • • - 

[0228] In the above-mentioned operations of the shifting-type punching device 161, it is possible to form a desired 
number of punch holes at desired positions as long as they are located withm an area J indicated by slanting lines in 
Fig. 38. The distance Y 3 from the starting-side edge of the sheet of paper P within this area J is represented as follows: 

50 Y MIN .<Y 3 <Y MAX 

[0229] As with the aforementioned X MIN , the value Y MIN represents a distance which ensures suitable punch holes 
and a proper filing process of sheets of paper without causing any rapture or other problems. The value Y MAX , on the 
other hand, represents a distance that is required for the connecting section 178 (shown by the cross-hatching in Fig. 
55 38) of the upper and lower plates 175a and 175b of the paper guide 175 in the punching unit 162 to stay outside the 
width of the sheet of paper P. Supposing that the distance from the connecting section 1 78 to the punching member 38 
is Y 0 , Y MAX is located within the following range: 



MS DOC ID: <EP O960704A1 _!_> 



26 



EP0 960 704A1 

< Y 0 (see Fig. 33) 

Here, if Y^ax exceeds Y 0 , the sheet of paper P comes into contact with the connecting section 178, causing a paper 
jam. As to the operation range of the punching unit 162 in the transporting direction of the sheet of paper P, it covers a 
£ range inside from the leading edge or the rear edge of the sheet of paper P, leaving the aforementioned margin X MjN 
from the edge. By driving the shifting-type punching device 1 61 in such a manner, it becomes possble to form a desired 
number of punch holes with desired distances from the leading edge of the sheet of paper P linearly along the side edge 
of the sheet of paper P in parallel with the transporting direction of the sheet of paper P. 

[0230] The following description will discuss the connecting section 1 78 of the upper and lower plates 1 75a and 1 75b 

10 of the punching unit 1 62 in the shifting-type punching device 161. 

[0231 ] As described earlier, the punching member 38 having the blade 43 is arranged to fit in the punching die 40 for 
receiving the tips of the blade 43 with a minute clearance in order to form punch holes in the sheet of paper P. Therefore, 
high accuracy is required for the positional relationship between the punching member 38 and the punching die 40. For 
this reason, it is necessary to connect the upper and lower plates 175a and 175b as close as possible. Referring to Fig. 

15 33, an explanation will be given on the positional relationship. The connecting section 178 is installed on the upstream 
side of the punching member 38 with the distance Xq therefrom, and with the distance Y 0 outside thereof, and the range 
is represented as follows: 

Xo > x p> Y o > Y MAX 

20 

Within this range, it is possible to conduct punching operations both on the areas K and J shown in Fig. 38. 
[0232] Another arrangement may be proposed wherein punch holes are formed on the leading-edge side of the sheet 
of paper P. In this case, however, since the connecting section 178 is located on the downstream side of the sheet of 
paper P in the transporting direction, a paper jam might occur inside the punching unit 162 with the sheet of paper P 

25 stuck on the connecting section 1 78. if the punching unit 1 62 stopped in the half way. However, in the present embodi- 
ment wherein punch holes are formed on the rear-edge side of the sheet of paper P. even rt the punching unit 162 
stopped in the half way, the sheet of paper P would be discharged positively and no paper jam would occur. 
[0233] Upon carrying out a punching operation in the punch mode, if the width of a sheet of paper P in question is 
smaller than the interval between the specified punch holes H, a defective sheet will be produced due to erroneous 

30 punching processes, as shown in Fig. 40(a). Further, even in the case when the width L 2 of a sheet of paper P is larger 
than the punch-holes interval L 1t if the difference (L 2 - is not more than 20 mm, the punch holes H will be located 
close to the edges of the sheet of paper as shown in Fig. 40(b). This might cause rupture as shown in Fig. 40(c) when 
the sheet of paper is used for filing or other purposes, or might cause a defective sheet due to erroneous punching proc- 
esses as shown in Fig. 40(d) if the sheet of paper P is dislocated during its transporting process. Moreover, such a 

35 defective sheet due to erroneous punching processes might be also caused in the case of using a sheet of paper P that 
does not have a regular size and that is not identified in its width. This not only gives rise to wasteful, use of sheets of 
paper, but also causes a long operation time, thereby reducing the efficiency of the operation. 
[0234] Furthermore, in the case when the automatic paper-selection mode is set so that after setting an original on 
the document platen 2, sheets of paper having the same size as the original are automatically selected, defective 

40 sheets of paper due to erroneous punching processes might be caused when the placement of the original is wrong. 
For example, in the case of sheets of paper P having the letter size of 279.5 mm (in length) x 215.9 mm (in width), three 
punch holes H are commonly formed along the edge on the longer side of the sheets of paper P, as shown in Fig. 41 (a). 
Each punch hole has a hole diameter of 6 mm and a punch-hole pitch of 107.95 mm. Therefore, in the device where 
the punch holes H are formed along the edge in the direction orthogonal to the transporting direction of the sheets of 

45 paper P, when the original is placed longitudinally and the sheets of paper P are fed laterally, the three punch holes H 
are properly formed along the edge on the longer side of the sheets of paper P, as described above. However, if the 
original is placed laterally and the sheets of paper P are fed longitudinally, the three punch holes H are formed along 
the edge on the shorter side of the sheets of paper P as shown in Fig. 41(b), thereby causing defective sheets of paper. 
[0235] For this reason, in the control system as shown in Fig. 30, the size of a sheet of paper P being transported is 

50 detected in accordance with an output signal from the paper-size sensor 192 installed in the feeding section; in 
response to the detection, a judgement is made as to whether or not it is possible to form punch holes under the preset 
conditions (concerning the punch diameter and the punch-hole pitch); and only when the judgement shows that it is 
possible, the punching operation is carried out, thereby eliminating defective sheets of paper. 
[0236] Referring to Figs. 1 . 2, 30 and 43. as well as to the flow chart of Fig. 42, the following description will discuss 

55 the operation for eliminating defective sheets of paper in the copying machine of the present embodiment. In this case, 
the following bases X for judgement are used in the flow chart: The judgement as to "whether or not the width of the 
sheet of paper is appropriate without being too short" is used when the paper-punching device 27 forms punch holes 
in the direction orthogonal to the transporting direction of the sheets of paper P, and the judgement as to "whether or 
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not the length of the sheet of paper is appropriate without being too short" is used when punch holes are formed in the 
transporting direction of the sheets of paper P. Further, in the case of forming punch holes either in the transporting 
direction or in the direction orthogonal to the transporting direction, the judgement as to "whether or not the sheet of 
paper has a regular size" is used. Moreover, in the case of the automatic paper-selection mode, the judgement as to 

5 "whether or not the placement of the original is appropriate" is used, and if the judgement is negative, the judgement as 
to "whether or not it becomes appropriate by changing the orientation of the original" is used. 
[0237] When the user places an original onto the document platen 2 (S100). a judgement is first made as to whether 
or not the automatic paper-selection mode is on (S101). If the automatic paper-selection mode is on, the detection of 
the original is earned out by an original sensor, not shown, that is provided in the vicinity of the document platen 2 

70 (S104), and sheets of paper P that have the same size as the original are automatically selected (S105). Here, the size 
of the sheets of paper P is detected during the automatic selection of the sheets of paper P. In contrast, if the automatic 
paper-selection mode is not on, the setting of sheets of paper is carried out by the user with respect to the feeding sec- 
tion (S102), the size of the sheets of paper P is detected by the paper-size sensor 1 92, shown in Fig. 30, that is installed 
in the machine main body 1 (S103). 

is [0238] Next, the user turns on the punch key 91 in the operation section 90 shown in Fig. 2 (S1 06), thereby activating 
the punch mode (S107). When the punch mode is on, a judgement is made as to whether the basis X for judgement 
has been satisfied (S108). If the basis X tor judgement is satisfied, the user turns on the print key 97 (S1 16), thereby 
allowing the copying operation to start (Si 1 7) After the punching operation has been carried out (S1 18), the sheet of 
paper P is discharged (S1 15), thereby completing the copying operation. 

20 [0239] In contrast, if the basis X for judgement is not satisfied at Si 08, a warning message in response to the basis 
X for judgement is displayed on the display panel 92 in the operation section 90 (S1 09). 

[0240] In other words, in the case when the automatic paper-selection mode is not on, if the basis X for judgement 
that has not been satisfied is related to the judgement as to "whether or not the width of the sheets of paper is appro- 
priate without being too short", a warning message as shown in Fig 43(a) is displayed so as to urge the user to change 

25 the sheets of paper R In the case of the basis X fcy |udgement that is related to the judgement as to "whether or not the 
length of the sheets of paper is appropriate without being too short", a warning message as shown in Fig. 43(b) is dis- 
played so as to urge the user to change the sneets of paper P Moreover, in the case of the basis X for judgement that 
is related to the judgement as to "whether or not tne sheets of paper have a regular size", a warning message as shown 
in Fig. 43(c) is displayed so as to urge the user to change the sheets of paper P. In contrast, in the case when the auto- 

30 matic paper-selection mode is on, if the basis X tot judgement is related to the judgement as to "whether or not the 
placement of the original is appropriate" and the succeeding judgement as to "whether or not it becomes appropriate 
by changing the orientation of the original* which is made rf the former judgement is negative, a warning message as 
shown in Fig. 43(d) is displayed so as to urge the user to change the placement of the original. 
[0241] In accordance with the displayed warmng message the user changes the sheets of paper P or changes the 

35 orientation of the original prior to carrying out the copying operation. Thus, it becomes possible to prevent defective 
sheets of paper beforehand, which might be caused due to erroneous punching processes as described earlier. 
[0242] Thereafter, a judgement is made as to whether or not the user has changed the sheets of paper P or has 
changed the orientation of the original (Si 1 0) H the change has been made, a judgement is again made as to whether 
or not the basis X for judgement is satisfied (S 1 08) Here. A the judgement shows that the basis X for judgement is sat- 

40 isfied, the warning message is erased from the display panel 92. Then, the user turns on the print key 97 (S116), 
thereby allowing the copying operation to start (Si 17) After the punching operation has been carried out (S118), the 
sheet of paper P is discharged (S1 15). thereby completing the copying operation. 

[0243] In contrast, if the change has not been made at Si 1 0. the punch mode is automatically cancelled (S1 13) simul- 
taneously as the user turns on the print key 97 (Si 12) Thereafter, only the copying operation is carried out, and the 
45 sheet of paper P is discharged (S1 14. S1 15), thereby completing the operation. 

[0244] With this arrangement, even if the user turns on the print key 97 without noticing the warning message, it is 
surely preventable to have defective sheets of paper. 

[0245] In the case when the punch key 91 is not turned on by the user at S106, the sequence proceeds to the normal 
operation, and when the user turns on the print key 97 (Si 1 1 ). only the copying operation is carried out, and the sheet 
so of paper P is discharged (S1 1 4, S1 1 5) . thereby completing the operation. 

[0246] By providing such a defective-sheets prevention control, it is possible to eliminate defective sheets of paper 
due to erroneous punching processes Therefore, it becomes possible to prevent wasteful use of sheets of paper, 
shorten the long operation time, and improve the efficiency of the operation. 

[0247] In addition, as for the defective-sheets prevention control that provides the above-mentioned effects, other 
55 arrangements may be proposed except the arrangement which was explained in the above-mentioned flow chart. For 
example, in one of those arrangements, the sequence of processes are carried out as follows: if the basis X of judge- 
ment is not satisfied, the punch mode is cancelled at once and the corresponding warning message is displayed; and 
when the user turns on the print key 97, only the copying operation is carried out without executing the punching oper- 
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ation, and the sheet of paper P is discharged. In another of those arrangements, the sequence of processes are carried 
out as follows: if the basis X for judgement is not satisfied, the corresponding warning message is displayed until the 
change has been made appropriately with respect to the sheets of paper P or the orientation of the original, and both 
the punching operation and the copying operation are stopped. Explanations will be given on the respective arrange- 

£ ments. Here, the former arrangement is discussed with reference to Figs. 1 , 2 and 45 as well as to the flow chart of Fig. 
44, and the latter arrangement is discussed with reference to Figs. 1 , 2 and 47 as well as to the flow chart of Fig. 46. 
[0248] In the former arrangement, the sequence of processes, which are the same as those from S1 00 to S1 07 in the 
flow chart of Fig. 42, are carried out from S100* to S107, and at S120 a judgement is made as to whether or not the 
basis X for judgement is satisfied (S120). If it is satisfied, the sequence of processes, which are the same as those from 

w S1 16 to S1 18 in addition to S1 15 in the flow chart of Fig. 42, are carried out from 3116* to S1 18' in addition to S1 15', 
thereby completing the sequence. 

[0249] In contrast, if the basis X for judgement is not satisfied, the punch mode is cancelled at once (S121), and a 
warning message corresponding to the basis X for judgement is displayed on the display panel 92 on the operation sec- 
tion 90 (S122). 

15 [0250] In other words, if the basis X for judgement that has not been satisfied is related to the judgement as to 
"whether or not the width of the sheets of paper is appropriate without being too short", a warning message as shown 
in Fig. 45(a) is displayed so as to inform the user that the punch mode is not settabie. In the same manner, in the case 
of the basis X for judgement that is related to the judgement as to "whether or not the length of the sheets of paper is 
appropriate without being too short", a waning message as shown in Fig. 45(b) is displayed. Moreover, in the case of 

20 the basis X for judgement that is related to the judgement as to "whether or not the sheets of paper have a regular size", 
a warning message as shown in Fig. 45(c) is displayed. In the case of the basis X for judgement that is related to the 
judgement as to "whether or not the placement of the original is appropriate" and the succeeding judgement as to 
"whether or not it becomes appropriate by changing the orientation of the original" which is made if the former judge- 
ment is negative, a warning message as shown in Fig. 45(d) is displayed. Thus, these messages inform the user that 

25 the punch mode is not settabie. and urge the user to change the sheets of paper P or to change the placement of the 
original. 

[0251] In this case, since the punch mode is not on, the sequence proceeds to the normal operation when the user 
turns on the print key 97 (S1 1 1 '), and only the copying operation is carried out, thereby discharging the sheets of paper 
(S114\ Si 15*). This arrangement makes it possible to prevent defective sheets of paper due to erroneous punching 
30 processes. 

[0252] In this flow chart, the processes at S1 1V, S114' and S1 15*. which are carried out when the punch key 91 is 
not turned on at S1 06'. are the same as those carried out at S1 1 1 , S1 14 and S1 15 in the flow chart of Fig. 42. There- 
fore, the description thereof is omitted. 

[0253] In the latter arrangement, the sequence of processes; which are the same as those from S100 to S107 in the 
35 flow chart of Fig. 42, are carried cut from S1 00" to S1 07", and a judgement is made as to whether or not the basis X for 
judgement is satisfied (S130). If it is satisfied, the sequence of processes, which are the same as those from S1 16 to 
S1 18 in addition to S1 15 in the flow chart of Fig. 42, are carried out from S1 16" to S1 18" in addition to S1 15". thereby 
completing the sequence. 

[0254] In contrast, if the basis X for judgement is not satisfied, a warning message corresponding to the basis X for 
40 judgement is displayed on the display panel 92 on the operation section 90 (SI 32) when the user turns on the print key 
97 (S131). 

[0255] In other words, if the basis X for judgement that has not been satisfied is related to the judgement as to 
"whether or not the width of the sheets of paper is appropriate without being too short", a warning message as shown 
in Fig. 47(a) is displayed so as to inform the user that the copying operation is not available. In the same manner, in the 

as case of the basis X for judgement that is related to the judgement as to "whether or not the length of the sheets of paper 
is appropriate without being too short", a warning message as shown in Fig. 47(b) is displayed. Moreover, in the case 
of the basis X for judgement that is related to the judgement as to "whether or not the sheets of paper have a regular 
size", a warning message as shown in Fig. 47(c) is displayed. In the case of the basis X for judgement that is related to 
the judgement as to "whether or not the placement of the original is appropriate", a warning message as shown in Fig. 

so 47(d) is displayed. Thus, these messages inform the user that the copying operation is not available, and urge the user 
to change the sheets of paper P or to change the placement of the original. 

[0256] After the user has changed the sheets of paper P or the placement of the original (S1 33), a judgement is again 
made as to whether or not the basis X for judgement is satisfied (S130), and if it is satisfied, the warning message on 
the display panel 92 is erased. Then, the operation is completed, after carrying out the processes of S1 16* through 
55 S1 18' in addition to S1 15'. 

[0257] In contrast, if the user does not change the sheets of paper P or the placement of the original, the processes, 
S131 through S133, are repeated so as to display the warning message until the user correct the sheets of paper P or 
the placement of the original. Even if the print key 97 is tuned on at S1 31 many times, the copying operation is not acti- 
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vated, This arrangement makes it possible to prevent defective sheets of paper due to erroneous punching processes 
beforehand. 

[0258] In this flow chart, the processes at S1 1 1", S11 4" and Si 1 5", which are carried out when the punch key 91 is 
not turned on at S106", are the same as those carried out at S1 1 1 , S1 14 and S1 15 in the flow chart of Fig. 42. There- 

5 fore, the description thereof is omitted. 

[0259] As described above, the shifting-type punching device 161, which functions as a paper-punching device 27 
installed in the copying machine of the present embodiment, is designed so that the punching unit 162 is shifted at the 
shifting speed V P (1) by the punching-device shifting mechanism from the home position downstream in a direction that 
makes an angle of (90 - e)° with respect to the transporting direction. In response to the detection of the rear edge of a 

10 sheet of paper made by the photosensor 32, the punching unit 162 is shifted downstream so as to form the first punch 
hole at the predetermined position on the sheet of paper P, and then the punching unit 162 is further shifted downstream 
so as to form the next punch hole while keeping a parallel positional relationship with the former punch hole. 
[0260] In the prior art arrangements, it is necessary to install the same number of punching means corresponding to 
the number of punch holes in the case of forming a plurality of punch holes in a direction virtually orthogonal to the 

is transporting direction of sheets of paper R In contrast, this arrangement requires only one punching machine 177 in 
forming punch holes at desired positions by desired number in the direction orthogonal to the transporting direction. 
Moreover, the punching machine 177 is constituted of only the punching unit 162 and punching-device shifting mecha- 
nism 1 63 for shifting the punching unit 1 62; therefore, it is possible to cut the cost of construction to a great degree com- 
pared with the construction where a lot of expensive piezoelectric elements are used. Furthermore, the punch holes are 

20 formed without the necessity of stopping a sheet of paper P in motion; this make it possible to improve the operation 
speed, as well as making it possible to apply the paper-punching device to copying machines with high-speed opera- 
tions. 

[0261] Moreover, in the shifting-type punching device 161 of the present embodiment, with a simple arrangement 
wherein the punching unit 162 is allowed to move in the crossing direction of the transport guide 167 and is movable 

25 with respect to sheets of paper P, it becomes possible to form punch holes at desired positions in the direction orthog- 
onal to the transporting direction of sheets of paper P, without the necessity of driving the punching unit 1 62 under con- 
trol of the control system. Conventionally, in the case of the paper-punching devices having the arrangement of forming 
punch holes only in the transporting direction, it has not been possible to apply these devices to copying machines and 
other apparatuses which are oriented based on their center line. However, the arrangement of the present embodiment 

30 is applied to these copying machines and other apparatuses of this type wherein sheets of paper P are positioned 
based on the center of the transport path and transported, without the necessity of a complicated structure and without 
causing high costs. 

[0262] Furthermore, the shifting-type punching device 161 of the present embodiment, which enables the formation 
of punch holes in both directions, that is, in the transporting direction of sheets of paper P as well as in the direction 
35 orthogonal to the transporting direction, is suitable for both the lateral and longitudinal feeding systems of sheets of 
paper P. 

[0263] Further, based on the paper size detected by the paper size sensor 1 92, a judgement is made as to whether 
or not the formation of punch holes is possible under the preset conditions (concerning the punch diameter and the 
punch-hole pitch), and only when the judgement shows that it is possible, the punching operation is carried out. There- 
40 fore, it is possible to eliminate unusable defective sheets of paper due to erroneous punching operations, such as 
sheets of paper having punch holes formed close to the edge or having punch holes formed overlapping the edge, 
caused by the small size of the sheets of paper. As a result, it becomes possible to eliminate wasteful use of sheets of 
paper P and improve efficiency of the operation by preventing inefficiency in the operation due to multiple attempts 
imposed on the user. 

45 [0264] Moreover, the shifting-type punching device 161 of the present embodiment is provided with: a punch-scraps 
receiving section 181 for receiving punch scraps that are ejected during the punching operation, which is disposed 
along the shift path of the punching unit 1 62; a punch-scraps storing case 1 82 that is disposed at a predetermined posi- 
tion on the downstream side in the advancing direction of the punching unit 162 in the punch-scraps receiving section 
181 ; and a punch-scraps collecting member 183 for carrying punch scraps accumulated in the punch-scraps receiving 

so section 181 toward the punch-scraps storing case 182 in accordance with the movement of the punching unit 162, 
which is disposed at a lower part of the punching unit 162. With this arrangement, it is possible to install the punch- 
scraps storing case 182 at a location with a comparatively large space on the front side or rear side of the copying 
machine main body 1 ; this allows the punch-scraps storing case 1 82 to have a larger size. As a result, the number of 
operations required for taking out punch scraps from the punch-scraps storing case 182 is reduced, thereby improving 

55 the efficiency of work Moreover, since the transport of punch scraps toward the punch-scraps storing case 1 82 is car- 
ried cut by utilizing the movement of the punching unit 162, it is not necessary to provide a separate means for this pur- 
pose; this reduces the cost of production. Furthermore, compared with the arrangement wherein a punch-scraps 
storing case is disposed right under the shifting-type punching device 161, this arrangement provides more space in 
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the height wise direction ol the copying machine in terms of designing, thereby making the apparatus compacter. 
[MODIFIED EXAMPLE 1] 

5 [0265] The following description will discuss a modified example of the punch-scraps collecting device 170 that is 
applicable to the shifting-type punching device 161. 

[0266] The punch-scraps collecting device 170' of this modified example is provided with a punch-scraps receiving 
section 201 which has a punch-scraps discharging outlet 202 that is located halfway within the shifting range of the 
punching unit 162. Here, punch-scraps wiping members 183 are attached to the respective front side and rear side of 
w the punching unit 1 62 at the lower part thereof in the advancing direction. With this arrangement, it is possible to effec- 
tively carry punch scraps toward the punch-scraps discharging outlet 202 and discharge them therefrom in response to 
the movement of the punching unit 1 62. Such an arrangement is suitable for the case where there is not sufficient space 
in the shifting direction of the punching unit 162. 

[0267] Moreover, another arrangement, shown in Fig. 49, is proposed as a punch-scraps collecting device 21 1 that 
is is applicable to the above-mentioned shifting-type punching device 161. In this arrangement, a ventilating fan 212, 
which is provided in the apparatus main body 1, generates an air flow, and the air flow is directed to a punch-scraps 
path 21 3. By utilizing the air flow, punch scraps, discharged from the punching unit 162, are transported from a punch- 
scraps discharging outlet 214 to a punch-scraps collecting device 215, in which they are stored. 
[0268] As illustrated in Fig. 50, a shutter 216. which is closed by the air flow, is attached to the upper surface of the 
20 punch-scraps path 21 3 so as to prevent the air from leaking outside through an opening 21 3a that is provided for form- 
ing a punch hole. With this arrangement, the airflow inside the punch-scraps path 213 is also stabilized. Further, since 
the shutter 216 is operated by utilizing the airflow, no complicated structure is required. 

[0269] Furthermore, as illustrated in Fig. 51 . an air hole 215a is provided in the vicinity of the punch-scraps discharg- 
ing outlet 2 1 4 of the punch-scraps collecting device 21 5, and the air is released from the air hole 21 5a. A pressing mem- 

25 ber 219, which is supported by a spring 218, is installed on the upper portion of the punch-scraps path 213, and at the 
end in the pressing direction of the pressing member 219. is installed an alarm switch 220 for informing the user that 
the punch-scraps collecting device 215 is filled with punch scraps. This alarm switch 220 is activated by the pressing 
member 219 when punch scraps have accumulated up to the upper portion of the punch-scraps collecting device 215 
to cause the air hole 215a to be closed and the pressing member 219 is depressed due to an increase in pressure 

30 inside the punch-scraps path 213. 

[0270] Referring to the flow chart of Fig. 52, the following description will briefly discuss the operation of the shifting- 
type punching device 161 that is provided with the above-mentioned punch-scraps collecting device 21 1 having such a 
f illed-state detecting function. After completion of the punching operation (S121 ), the punch counter in the counter sec- 
tion 194 makes a count-up (S122). Here, if the counted value is equal to the predetermined number of times 2 (S123), 

35 an air flow is directed into the punch-scraps path 213 to carry out the punch-scraps collecting operation (S124), and the 
count value is reset (S125). 

[0271] Then, a confirmation is made as to whether or not the alarm switch 220 is turned on (S126), and if the alarm 
switch 220 is on to show the filled state, the punching operation is stopped (S127). 

[0272] In contrast, if the counted value does not reach the predetermined number of times Z at SI 23, or if the filled 

40 state is not detected at Si 26, the operation is continued as it is. 

[0273] As to the punch-scraps collecting device 211, it is possible to utilize the ventilating fan 212 that has been 
already installed in the copying machine main body 1 ; this makes it possible to cut the number of parts. Further, since 
this arrangement provides a constant air flow in one direction, the flow of punch scraps is stabilized, thereby preventing 
the punch scraps from blocking the path. Moreover, since the filled state is detected by utilizing the pressure inside the 

45 punch-scraps path 21 3. the mechanism is further simplified. In addition, different from the detection that is made on the 
basis of weight, such a detection on the basis of pressure has high reliability in the case of detecting light materials such 
as punch scraps. Further, by utilizing the change in pressure, not only the filled state, but also the clogged state of 
punch scraps inside the punch-scraps path 213, may be detected through the on : state of the alarm switch 220, thereby 
making it possible to cope with such troubles. 

so 

[MODIFIED EXAMPLE 2] 

[0274] The following description will discuss a modified example of the shifting-type punching device 161 . 
[0275] As illustrated in Figs. 53 and 54. the shifting-type punching device 1 61 of the present modified example is pro- 
55 vided with a punching unit 162' in place of the punching unit 162. The punching unit 162' has two punching machine 
1 77 that are disposed side by side in the direction virtually orthogonal to the transporting direction of the sheets of paper 
R 

[0276] The interval between the punching members 38 in these two punching machine 1 77 is set to one-half the max- 
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imum paper width W that can be used in the present copying machine. With this arrangement wherein the two punching 
machine 1 77 are provided, the shift distance L2 of the punching unit 162' in the transporting direction of sheets of paper 
P is equal to one-half the shift distance L1 of the punching unit 162 that is installed in the case of only one punching 
machine 1 77. 

5 [0277] This arrangement makes it possible to eliminate the aforementioned problem that the greater the transport 
speed V of sheets of paper P becomes, the greater setting angle 6 is required so that more space is required in the 
apparatus in the transporting direction. Further, without causing any troubles, this arrangement allows the punching 
device to be installed within the interval L R between the transport rollers 168 and 169 that is restricted by the length of 
the maximum sheets of paper that can be used in the copying machine (see Fig. 26). Further, if even two punching 

10 machine 1 77 are not enough to cope with a particular case, the number of the punching machine 1 77 may be increased 
in the same manner. 

[0278] In this case, supposing that the number of the punching machine 1 77 is n, the shift distance L N of the punching 
unit 162* in the transport direction of sheets of paper P is represented by the following equation: 

'5 L N =L1/n (20) 

[0279] With this arrangement, it becomes possible to separate the relationship between the transport speed V of 
sheets of paper P and the operation time t of the punching machine 177. Thus, even in the case of high transport 
speeds of sheets of paper P, the formation of punch holes is possible without the necessity of stopping the sheets of 
20 paper P. 

[EMBODIMENTS] 

[0280] Referring to Figs. 1 , 2, 30, and 38, as well as Figs. 55 through 57, the following description will discuss another 
25 embodiment of the present invention. Here, for convenience of explanation, those members that have the same func- 
tions and that are described in the first through fourth embodiments are indicated by the sane reference numerals and 
the description thereof is omitted. 

[0281] In a copying machine in accordance with the present embodiment, a shifting-type punching device 231 , shown 
in Fig. 55, is provided inside the main body 1 shown in Fig. 1 as a paper-punching device 27. The punching unit 232 in 
30 this shifting-type punching device 231 has an arrangement wherein the photosensor 32 is disposed side by side with 
the sheet-side-edge sensor 164 at a position on the advancing side of the punching unit 232, that is, on the up-stream 
side from the sheet-side-edge sensor 164. The other parts of this arrangement is the same as those of the aforemen- 
tioned shifting-type punching device 161 (see Fig. 25). 

[0282] Referring to Figs. 2, 30 and 55, as well as to the flow chart of Fig. 56, the following description will discuss the 
35 operation of the punching unit 232. Here, in the case of forming punch holes in the transporting direction of sheets of 
paper P, the operation is the same as that carried out in the aforementioned embodiment 4. Therefore, an explanation 
is given only on the case where punch holes are formed on the rear side of sheets of paper P in the direction orthogonal 
to the transporting direction thereof. In addition, since the operation for collecting punch scraps is the same as that of 
the aforementioned embodiment 4, the description thereof is omitted. 
40 [0283] In the aforementioned shifting-type punching device 1 61 , the shifting speed V P is set so that its component of 
speed in the transporting direction is equal to the transporting speed V of sheets of paper P. However, the shifting-type 
punching device 231 of the present embodiment is shifted in relation to a sheet of paper P being transported at a trans- 
porting speed V at a shifting speed Vp that is faster than the shifting speed V P The shifting speed V P is found as fol- 
lows: 

45 

V > V-sin0 (21) 

[0284] After completion of processes S131 through S133 that are the same processes as S41 through S43 in the 
aforementioned flow chart of Fig. 32, when the operation of the punching unit 232, triggered by the detection of the rear 
5c? edge of the sheet of paper, is initiated, the timer tx1 in the timer section 193 is reset (S134), and successively the timers 
tyi and ty2 are respectively reset (S135). 

[0285] Next, the start time T 0 * of the punching unit 232 is calculated (S136). 

[0286] The start time T 0 \ which corresponds to waiting time from the detection of the rear edge of the sheet of paper 
till the start of the punching unit 232, is calculated from the following equation, wherein the following factors, shown in 
55 Fig. 55. are used: the distance from the rear edge of the first and second punch holes A and B, the installation dis- 
tance X P of the photosensor 32 in the transporting direction with respect to the home position of the punching member 
38, and the distance Y P from the home position of the punching member 38 to the starting-side edge of the sheet of 
paper R 
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T 0 ' ={X p - X + (Y p + Y ^[tane/V . 1/(V p 'cos6)] (22) 

[0287] Successively, the arrival times T Y1 ' and T^' to the first and second punch holes A and B are respectively cal- 
culated (S137). 

[0288] These arrival times T Y1 ' and T Y2 ' are calculated from the following equations, wherein the following factors are 
used: the distance Y P from the home position of the punching member 38 to the starting-side edge of the sheet of paper 
P, the distances and Y 2 from the starting-side edge of the first and second punch holes A and B, and one component 
Vy of the speed of the punching unit 232 in the direction orthogonal to the transporting direction. 

T Y1 ' = (Y 1+ Y P )/V Y ' (23) 



T Y2 ' = (Y 2 + Y p )/vY 



v Y * = v p ' • cose 



(24) 
(25) 



[0289] Successively, the waiting time T Y2 " of the punching unit 232, which is taken after having formed the first punch 
hole A, is calculated (S138). The waiting time T Y2 " is provided in order to make up for a time gap that is caused as fol- 
lows: The component of the shifting speed V P ' of the punching unit 232 in the transporting direction is faster than the 
transporting speed V of the sheet of paper P; therefore, when the punching unit 232 is shifted by using T Y2 \ the sheet 
of paper P has not reached the point B at which the second punch hole is to be formed on the sheet of paper P; this 
causes the above-mentioned time gap. This waiting time may be used upon starting the punching unit 232 after having 
formed the first punch hole A, or may be used for delaying the driving of the piezoelectric element 53 upon forming the 
second punch hole B. In the present embodiment, it is used for delaying the driving of the piezoelectric element 53. 
[0290] The start time T 0 ' is counted by the timer tx1 , and upon completion of the tine counting of the start time T 0 ' 
(S139), the punching unit 232 starts shifting in the advancing direction (S140). Further, the arrival times T Y1 ' and T Y2 * 
are time-counted by the timers ty1 and ty2 respectively. After completion of the time-counting for the arrival time T Y1 ' to 
the first punch hole A made by the timer ty1 (S141 ). the driving circuit 62 is turned on. voltage is applied to the piezoe- 
lectric element 53. and the first punch hole A is formed (S1 42). 

[0291] Successively, after completion of the time-counting for the arrival tine T Y2 to the second punch hole B made 
by the timer ty2 (S143), the punching unit 232 is temporarily stopped (S144). After completion of the tine-counting for 
the arrival time T Y2 ' in addition to the waiting tine TY 2 " made by the timer ty2 (S145). the driving circuit 62 is turned on, 
voltage is applied to the piezoelectric element 53, and the second punch hole B is formed in the sheet of paper P 
(S146). 

[0292] Thereafter, the punching unit 232 is shifted in the retreating direction (S147), and when the punching unit 232 
returns to the starting position to make the position sensor 1 65 turn on (S148), the punching unit 232 is stopped (S149), 
thereby completing the sequence ol processes. Then, the sequence enters the stand-by mode until the next sheet of 
paper is detected by the photosensor 32. 

[0293] In accordance with the operation of the shifting-type punching device 231 as described above, by changing 
the number of punch holes and the setting of punching positions at S141, it becomes possible to form punch holes at 
desired positions by desired number within an area K indicated by slanting lines in Fig. 38, that is, within a range of X MIN 
to X p with respect to a sheet of paper P being transported at the transporting speed V. in the same manner as the afore- 
mentioned embodiment 4. Further, the punch holes are formed without the necessity of stopping a sheet of paper P; 
this make it possible to apply the paper-punching device to copying machines with high-speed operations. 
[0294] Moreover, with this arrangement wherein the photosensor 32 is incorporated into one unit so as to be moved 
together with the punching member 38. it becomes possible to minimize deviation in the installation distance X P 
between the punching member 38 and the photosensor 32, thereby providing a more accurate timing control and allow- 
ing the punch holes to be formed at more accurate positions. 

[0295] Meanwhile, when a sheet of paper P is transported in a diagonal direction through the transport guide 1 67. the 
amount of positional deviation is comparatively small with respect to the first punch hole A; however, the amount of posi- 
tional deviation tends to be large with respect to the second punch hole B that is located far away. 
[0296] In order to solve this problem, the punch unit is stopped temporarily at the time when it reaches the point B at 
which the second punch hole is to be formed in the sheet of paper P. and at the time when the photosensor 32 has 
detected the rear edge of the sheet of paper P, the second punch hole is formed. This arrangement makes it possible 
to form the second punch hole more positively at a position with the predetermined distance apart from the rear edge 
of the sheet of paper, even if the sheet of paper P is transported through the transport guide 1 67 in a diagonal direction. 
[0297] The waiting time T w which is required for forming a punch hole after the detection of the rear edge of the sheet 
of paper at the point B, is found from the following equation by using the transporting speed V of the sheet of paper P, 
the installation distance X P of the photosensor 32 with respect to the home position of the punching member 38, and 
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the distance X 1 from the second punch hole B to the rear edge of the sheet of paper. 

T w = (X P -Xi)/V (26) 

5 [0298] Referring to the flow chart of Rg. 57, the following description will discuss the operation of the shifting-type 
punching device 231 in the case of forming the second punch hole B in the manner as described above. 
[0299] After the processes S1 3 V through $137, which are the same as the processes S131 through S137 in the flow 
chart of Fig. 56, have been carried out, the waiting time T w = (X p - X^/V is calculated at S150. 
[0300] Thereafter, the processes S139' through S144', which are the same as the processes S139 through S144 in 

10 the flow chart of Fig. 56, are carried out, and the punching unit 232 is temporarily stopped. When the rear edge of the 
sheet of paper P is detected by the photosensor 32 (S151), the timer txl is reset (S152). and the waiting time T w that 
has been calculated at S150 is time-counted (S153). 

[0301] After completion of the time-counting of the waiting time T w , the processes S146' through S149*. which are the 
same as the processes S1 46 through S1 49 in the flow chart of Fig. 56, are carried out, and the second punch hole B is 
is formed. 

[0302] As described above, as to the formation of the second punch hole, the punch hole is formed on the basis of 
detection of the rear edge of the sheet of paper made by the photosensor 32. This arrangement makes it possible to 
form the second punch hole more positively at a desired position, even rf the sheet of paper P is transported through 
the transport guide 167 in a diagonal direction. Additionally, the present embodiment has discussed the operation 
20 where two punch holes are formed; however, even in the case of forming three or more punch holes, the operation is 
carried out in the same manner on the basis of detection of the rear edge of the sheet of paper made by the photosen- 
sor 32 with respect to the formation of the second punch hole and thereafter. 

[0303] The invention being thus described, it will be obvious that the same may be varied in many ways. Such varia- 
tions are not to be regarded as a departure from the Spirit and scope of the invention, and all such modifications as 
25 would be obvious to one skilled in the art are intended to be included within the scope of the following claims. 
[0304] A paper-punching device for use in an image-forming apparatus comprises: 

guiding means for guiding a sheet of paper in a predetermined direction; 

a punching blade for forming a punch hole in the sheet of paper, the punching blade being installed in the guiding 
30 means; 

driving means for driving the punching blade; and 

transport rollers for constantly carrying the sheet of paper, the transport rollers being installed on the downstream 
side from the punching blade in the guiding means, the transport rollers being allowed to make a slip at a predeter- 
mined amount with respect to the sheet of paper when the sheet of paper is caught by the punching blade, 
35 wherein the product of the time during which the sheet of paper is caught by the punching blade and the transport- 
ing speed exerted by the transport rollers is set to a predetermined value. 

[0305] This paper-punching device further comprises: 

40 rear -edge detection means for detecting the rear edge of the sheet of paper on the upstream side from the punch- 
ing blade; and 

control means for activating the driving means after a lapse of predetermined time from the detection of the rear 
edge of the sheet of paper made by the rear-edge detection means. 

45 [0306] The rear-edge detection means, which projects light onto a paper-transport path in the guiding means, detects 
the passage of the sheet of paper when receiving the reflected light from the sheet of paper being transported, and 
detects the rear edge of the sheet of paper when the reflected light is no longer received. 

[0307] The transport rollers are a pair of rollers, one of which is made of rubber and the other of which is made of a 
foamed material, such as polyurethane foam. 
so [0308] The punching blades are installed in the guiding means with predetermined intervals and the driving means 
has one piezoelectric element as a driving source that drives the punching blades at the same time. 
[0309] The paper-punching device further comprises: 

stopping means for stopping the transport rollers when a sheet of paper is located at a punching position in the 
55 guiding means; 

punch-hole detection means for detecting the fact that a punch hole is properly formed at a punching position in the 
sheet of paper with the sheet of paper being stopped by the stopping means; and 

re-punching control means for activating the driving means so that at least one punching operation is carried out 
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when no punch hole is detected by the punch-hole detection means. 

[0310] The punch-hole detection means is an optical sensor including a light-emitting section for emitting light that is 
allowed to pass through the punching position in the guiding means and a light-receiving section for receiving the light 
£ from the light-emitting section, the light-emitting section being disposed on the surface side of the sheet of paper or on 
the back side thereof, the light-receiving section being disposed at a position opposite to the light-emitting section with 
respect to the sheet of paper. 

[031 1 ] A paper-punching device for use in an image-torming apparatus comprises: 

w guiding means for guiding a sheet of paper in a predetermined direction; 

a plurality of punching blades for forming punch holes in the sheet of paper, the punching blades being installed in 
the guiding means with predetermined intervals along a straight line that tilts at a predetermined angle with respect 
to the direction orthogonal to the transporting direction; 

transport rollers for constantly carrying the sheet of paper, the transport rollers being installed on the downstream 
15 side from the punching blade in the guiding means. 

a plurality of driving means for driving the punching Wades ndrvidually; and 

a driving circuit for activating the driving means successively, starting with the one closest to the rear edge of the 
sheet of paper, with predetermined time-intervals 

20 [031 2] The driving circuit activates the driving means such thai the time-interval by which the driving means drive the 
adjacent punching blades in succession is equal to a value that is obtained by dividing the product of a positional dis- 
tance between the adjacent punching blades in the direction orthogonal to the transporting direction of the sheet of 
paper and the tangent to the predetermined angle by the transporting speed of paper. 
[031 3] A paper-punching device for use in an image-tor ming apparatus comprises: 

25 

guiding means for guiding a sheet of paper in a predeter mined direction; 

a punching Wade for forming a punch hole in the sheet of paper, the punching blade being installed in the guiding 
means; 

transport rollers for carrying the sheet of paper, the transport rollers being installed on the downstream side from 

30 the punching blade in the guiding means; 

discrimination means for discriminating whether the sheet of paper is normal paper having a thickness not more 
than a predetermined thickness, or thick paper having a thickness exceeding the predetermined thickness; 
driving means having a first driving source for driving the punching blade with a driving force that is suitable for nor- 
mal paper and a second driving source for driving the punching Wade with a driving force that is suitable for thick 

35 paper; 

selective control means for activating the first driving source when the discrimination means shows that the sheet 
of paper is normal paper, while activating the second driving source when the discrimination means shows that the 
sheet of paper is thick paper; and 

transport control means for activating the transport rollers during the activation of the first driving source, while 
40 stopping the transport rollers during the activation of the second driving source. 

[0314] The paper-punching device further comprises 

thick-paper-specifying means for specifying thick papei as sheets of paper to be used in the image-forming opera- 
45 tion of the image-forming apparatus, 

wherein the discrimination means makes a discrimination that the sheet of paper is thick paper when thick paper is 
specified by the thick-paper-specifying means, as well as making a discrimination that the sheet of paper is normal 
paper when thick paper is not specified by the thick paper -specifying means. 

so [031 5] The paper-punching device further comprises : 

warp-generation means for allowing the sheet of paper to warp at a predetermined amount; and 
pressure-detection means for detecting a force exerted by the warp of the sheet of paper that is generated by the 
warp-generation means as a pressure, 
55 wherein the discrimination means makes a discrimination as to whether the sheet of paper is thick paper or normal 
paper in accordance with a detection output from the pressur ejection means. 

[031 6] A paper-punching device for use in an image-forming apparatus comprises: 
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guiding means for guiding a sheet of paper in a predetermined direction; 

a punching blade for forming a punch hole in the sheet of paper, the punching blade being installed in the guiding 
means; 

transport rollers for constantly carrying the sheet of paper, the transport rollers being installed on the downstream 
s side from the punching blade in the guiding means; 
driving means for driving the punching blade; and 

idle-driving control means for activating the driving means so that the punching blade is driven in a specific period 
of time when there is no paper at a punching position in the guiding means. 

10 [0317] The paper-punching device further comprises: 

paper-detection means for detecting the presence or absence of paper at the punching position in the guiding 
means, 

wherein the idle-driving control means refrains from activating the driving means only when the presence of paper 
is is detected at the punching position by the paper-detection means, and informs the fact that there is paper at the 
punching position. 

[0318] The paper-detection means is an optical sensor including a light-emitting section for emitting light that is 
allowed to pass through the punching position in the guiding means and a light-receiving section for receiving the light 
20 from the light-emitting section, the light-emitting section being disposed on the surface side of the sheet of paper or on 
the back side thereof, the light-receiving section being disposed at a position opposite to the light-emitting section with 
respect to the sheet of paper. 

Claims 

25 

1 . A paper-punching device for use in an image-forming apparatus comprising: 

guiding means (1 67) for guiding a sheet of paper (P) in a predetermined direction; 
transporting means (168. 169) for transporting the sheet of paper (P) along the guiding means (167); 
punching means (162) having a punching blade (38a) for forming a punch hole in the sheet of paper (P) that is 
being transported by the transporting means (168, 169), the punching means (162) being installed in the guid- 
ing means (167); and 

shifting means (163) for shifting the punching means (162) in the transverse direction with respect to the guid- 
ing means (167). 

The paper-punching device for use in an image-forming apparatus as defined in claim 1 , further comprising: 

rear-edge detection means (32) for detecting the rear edge of the sheet of paper (P), the rear-edge detection 
means (32) being disposed on the upstream side from the punching blade (38a), and 
punching-operation control means (191) for controlling the punching means (162) and the shifting means (163) 
so that upon detection of the rear edge of the sheet of paper (P) made by the rear-edge detection means (32), 
the punching means (162) is shifted to a predetermined punching position on the sheet of paper (P) and 
allowed to fa m a punch hole at the punching position, and by making these processes repeatedly two or more 
punch holes are formed with the distance between each punch hole and the rear edge being kept at the same 
value, 

wherein the shifting means (163) is arranged to shift the punching means (162) from the predetermined posi- 
tion in the transport path toward the downstream side, along a straight line that tilts at a predetermined angle 
with respect to the direction orthogonal to the transporting direction, at a speed whose component in the trans- 
porting direction is not less than the transporting speed of the sheet of paper (P). 

The paper-punching device for use in an image-forming apparatus as defined in claim 2, wherein a plurality of 
punching means (162) are installed in accordance with the intervals between the punch holes, the punching means 
(162) being formed into one unit so as to be integrally shifted by the shifting means (163). 

55 4. The paper-punching device for use in an image-forming apparatus as defined in claim 2 or 3. wherein the rear-edge 
detection means (32) and the punching means (162) are formed into one unit so as to be moved together by the 
shifting means (163); and the control means (191 ) controls the punching means (162) and the shifting means (163) 
so that upon forming the second punch hole and thereafter, each punch hole is formed by the punching means 
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(162) every time the rear edge is detected by the rear-edge detection means (32). 

5. The paper-punching device for use in an image-forming apparatus as defined in anyone of claims 1 to 4, further 
comprising: 

paper-size detection means (192) for detecting the size of a sheet of paper (P) being transported; and 
decision means (191 ) for making a decision as to whether or not a punching operation is operable in accord- 
ance with the paper size detected by the paper-size detection means (1 92), 

wherein the punching-operation control means (191) controls the punching means (162) and the shifting 
w means (163) when the decision means has made a decision that the punching operation is operable. 

6. The paper-punching device for use in an image-forming apparatus as defined in daim 5, wherein the punching- 
operation control means (191). upon receipt of the decision that the punching operation is inoperable from the deci- 
sion means (191), informs this fact. 

15 

7. The paper-punching device for use in an image-forming apparatus as defined in anyone of claims 1 to 6, further 
comprising: 

punch-scraps receiving means (181) for receiving punch scraps that are produced during punching processes 
20 made by the punching means (162), the punch-scraps receiving means (181) being disposed along the shift 

path of the punching means (162); and 

punch-scraps storing means (182) for storing the punch scraps, the punch-scraps storing means (182) being 
installed in the vicinity of the end position of the shift of the punching means (162) in the punch-scraps receiv- 
ing means (181), 

25 wherein the punching means (162) is provided with a collecting member (183) for collecting the punch scraps 

that have been received by the punch-scraps receiving means (181) through the shift of the punching means 
(162). 

8. The paper-punching device for use in an image-forming apparatus as defined in anyone of claims 1 to 6, further 
30 comprising: 

punch-scraps receiving means (181) for receiving punch scraps that are produced during punching processes 
made by the punching means (162), the punch-scraps receiving means (181) being disposed along the shift 
path of the punching means (162) and being provided with a discharging outlet for discharging punch scraps 
35 at a mid-point within the shifting range of the shift path of the punching means (162), 

wherein the punching means (162) has collecting members at both ends thereof on the sides in the shifting 
directions such that the collecting members are allowed to collect the punch scraps that have been received by 
the punch-scraps receiving means (181) during the shifting of the punching means (162). 

40 9. The paper-punching device for use in an image-forming apparatus as defined in anyone of claims 1 to 8, further 
comprising: 

a guiding path (213) for receiving punch scraps that are produced during punching processes made by the 
punching means (1 62) and for guiding the punch scraps in a predetermined direction; 
45 ventilating means (212) for generating an air flow, the ventilating means (212) being attached to one end of the 

guiding path (213); and 

punch-scraps storing means (182) for storing the punch scraps, the punch-scraps storing means (182) being 
attached to the other end of the guiding path (213). 

so 10. The paper-punching device for use in an image-forming apparatus as defined in claim 9, further comprising: 

f illed-state detection means for detecting the fact that the punch-scraps storing means (1 82) is filled with punch 
scraps. 

55 11. The paper-punching device for use in an image-forming apparatus as defined in claim 10, wherein the punch- 
scraps storing means (182) is a box-like container having side walls, one of which has an air hole that penetrates 
outside; and the filled-state detection means is activated and allowed to detect the filled state when the punch 
scraps stored in the punch-scraps storing means (1 82) come to block the air hole and the pressure inside the trans- 
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